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Cardiac rehabilitation (CR) is proven to benefit patients post cardiac event, however, modern CR varies 
in terms of service quality, patient characteristics and outcomes. The aim was to investigate the 
variations and their association with patient outcomes. Five observational studies make up this thesis. 
The studies have some unique and shared aims and methodology leading to distinct findings 
summarised through a synthesis chapter showcasing the incremental nature of the analyses and 
progression in researcher ability. Observational methodology was justified, and variation in routine care 
and the association with three distinct categories of outcome: psychosocial wellbeing, physical fitness 
and cardiovascular risk factors.  
Study one concluded that volume, as a service factor, appeared not to be associated with patient 
outcomes whereas multiple patient factors such as age and gender were found to be associated.  
Study two, building upon the findings of the first, focused on the patient characteristics including 
employment status and showed that, aligning with wider literature, patient psychosocial wellbeing was 
poorer pre and post CR in patients who were unemployed.  
This association of employment and psychosocial wellbeing was replicated in Study three which was 
the first to also assess the influence of mode of delivery. Mode was found to be not significantly 
associated with psychosocial wellbeing or functional capacity in Study four. 
In Study five, mode was categorised as supervised or facilitated self-managed and found no association 
with patient outcomes, this time risk factors. 
The use of routine data highlights important insights for answering research questions to inform and 
promote service change. Additionally, the findings may influence the methodological approach and 
expectations by researchers utilising the National Audit of Cardiac Rehabilitation.   
The conclusions of this thesis will help to inform CR delivery, directly impacting patients and clinicians. 
The findings may help to shape the future services designed by policy makers.  
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Chapter 1: Introduction and Aims of Thesis  
 
History Cardiac Rehabilitation 
Through the 20th and 21st Centuries, there has been an increase in life expectancy worldwide; 
correspondingly there has been an increase in the burden of chronic diseases such as cardiovascular 
disease (CVD), cancer and diabetes.(WHO 2017) Globally, CVDs were the largest cause of death in 
2016; an estimated 42,000 people died of CVD in England and Wales.(BHF 2018) In Europe, the 
estimated number of people living with CVD is in the region of 85 million.(WHO 2017) In 2018, seven 
in every ten people experiencing a heart attack survived, further increasing the number of people living 
with CVD.(BHF 2018) 
The impact of CVD events affects not only the individual, in terms of loss of biological functioning, 
psychosocial distress and overall quality of life (QoL), but also their family and support network 
too.(BACPR 2017, BHF 2018) For many years, people with post-heart events such as myocardial 
infarction (MI) were treated solely with bed rest. Over the last three decades, the recommended 
treatment has changed to include physical activity, and into the multi-component lifestyle, risk factor 
and fitness-based cardiac rehabilitation (CR) that exists today.(Al Quait, Doherty 2017) The adoption 
of CR in its modern form is global and particularly prominent across the UK, Europe, Canada, Australia 
and America.(Stone, Arthur 2005, Woodruffe, et al. 2015, Santiago de Araujo Pio, et al. 2017) CR 
guidelines are often very similar across countries, however, its delivery and the populations being 
served can vary widely, indicating a complex intervention, which requires continual evaluation.(Ibanez, 
et al. 2017, BHF 2018, Knuuti, et al. 2019) 
For the purpose of this thesis and related papers, the term patients was used as an operational definition 
covering participants as the population is based on routine practice National Health Service (NHS) data. 
Cardiac Rehabilitation Guidelines  
The core components of CR have been defined across many guidelines and governing bodies worldwide 
such as; the American Heart Association (AHA), guidelines from the European Association of 
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Cardiovascular Prevention and Rehabilitation and in the UK the British Association of Cardiac 
Prevention and Rehabilitation (BACPR).(Leon, et al. 2005, Thomas, et al. 2010, Piepoli, et al. 2014, 
CACR 2015, BACPR 2017) A unifying factor of modern CR is that it is a personalised approach 
identifying risk factors, promoting psychosocial wellbeing and underpinned by thorough long term self-
management.(BACPR 2017) All recent sets of CR clinical guidelines are informed by research evidence 
of different types, underpinning the delivery of effective CR.  
The core components of CR are generally nutritional counselling, risk factor modification, psychosocial 
management, patient education and exercise training, with some variation. A review in 2018 
investigated the effects of each of the components on outcomes.(Kabboul, et al. 2018) It highlighted 
the centrality of the exercise component of CR, as per other reviews, whilst also evidencing the unique 
health benefits of each component individually, particularly psychosocial management. (Anderson, et 
al. 2016) 
Existing within these guidelines are a variety of recommendations. This variation includes programme 
duration, mode of delivery and programme volume.(BHF 2016, Santiago de Araujo Pio, et al. 2017, 
Taylor, et al. 2017, Abreu, et al. 2019) Definitions of programme volume vary depending on the setting 
and intervention. Within this thesis, volume was defined as the total number of patients who had 
undergone baseline assessment and entered the standard core delivery of CR, which in the UK is 
delivered as an outpatient service. Globally, volume of CR can vary, shown recently in the survey of 
programmes, and this large level of variation may, based on other literature evidence, have association 
or influence on patient outcomes.(Abreu, et al. 2019) The mode of delivery is split in the literature into 
centre vs. home-based or supervised vs self-delivered. A possible reason for CR variability is that these 
factors essential to ‘real world’ delivery of CR are often excluded or not represented in randomised 
control trials (RCTs).(Freemantle, Calvert 2009, Anglemyer, et al. 2014) The largest UK based CR 
trial, called Rehabilitation After Myocardial Infarction Trial (RAMIT), highlighted variation in  the 
service delivered currently. Differences in terms of duration (above or below 21h/ 8 weeks) and class 
sizes (above or below 13 patients) were examples of this service variation.(West, et al. 2012) This led 
to questions about the presumed quality of CR and therefore its potential effectiveness.  
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Recent publications, such as the National Audit of Cardiac Rehabilitation (NACR) Quality and 
Outcomes report, have shown that only 30% of programmes are meeting minimum standards including 
waiting times and duration.(Doherty, et al. 2017, BHF 2019) This study alongside RAMIT raises 
questions of the quality of CR and whether this variation in CR delivery impacts on patient outcomes. 
One recent example of the variation is included in the 2019 Quality and Outcomes report (NACR), 
which showed that routine UK CR duration is delivered heterogeneously.(BHF 2019) The level of 
variation above and below the minimum recommended guideline (BACPR 2017) of 8 weeks (56 days) 
demonstrates the kind of heterogeneity that occurs in routine practice (Figure 1).  
 
 
Figure 1. Duration in England at a programme level, the dotted line indicates the 8-week threshold for the key 
performance indicator and national certification programme.(NACR 2019) 
 
The UK CR and the NACR are in the privileged position of being able to evaluate CR provision as it is 
presently being delivered. NACR is a non-mandated charity funded organisation operating since 2005, 
with its first annual report in 2007. (Al Quait, Doherty 2017)  The purpose of collecting routine data on 
CR provision is to monitor service quality, report on the population and to perform research informing 
service quality and improvement. The NACR is a routinely collected clinical registry that covers three 
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of the four nations in the UK (Scotland is not presently included). Total programme coverage is around 
80% of all phase 3/core rehabilitation programmes as well as many tertiary in-patient or phase 4 exercise 
programmes. Each year, over 100,000 events are captured in the NACR. The data recorded are 
presented in Table 1,.This includes baseline characteristics, risk factors, type of care and outcomes post 
CR of patients undertaking CR.(BHF 2019) 
Table 1 Showing the record types within the NACR dataset and the included data fields 
NACR Record Type NACR Data Field Collected 
Initiating Event Record 
Initiating Event (diagnosis), Comorbidities, Previous Events, Age, Treatments, Dates 
(Initiating Event, treatment and discharge) 
Patient Record Gender, Marital Status, Ethnicity, LSOA and CCG 
Rehabilitation Record 
Mode of Delivery, reasons for not taking part/completing CR, dates (Referral, Start and 
Completion) * 
Assessment Record 
Height, Weight, BMI, Cholesterol, blood pressure, HADS scores, Smoking status, Physical 
Activity, Dartmouth Questionnaire Fitness measures (ISWT 6MWT), Diet measure 
*Dates are used to calculate the waiting time, duration 
LSOA – Lower Super Output Area, CCG – Clinical Commissioning Group, BMI – Body Mass Index, HADS – Hospital 
Anxiety Depression Score, ISWT - Incremental Shuttle Walk Test, 6MWT – Six Minute Walk Test 
 
The assessments include the Hospital Anxiety Depression Score (HADS) (Zigmond, Snaith 1983), 
Dartmouth Cooperative (COOP) questionnaire (Jenkinson, Mayou et al. 2002) and finally walking 
ability through the Six Minute Walk Test (6MWT) (ATS 2002) and the Incremental Shuttle Walk Test 
(ISWT).(Singh, et al. 1992) 
Research Evidence for Cardiac Rehabilitation  
The research evidence for CR is summarised in three recent systematic reviews (SR); a Cochrane review 
summarising the trial evidence, the Cardiac Rehabilitation Observational Study (CROS) review 
investigating the modern era of studies and finally work by Powell et al.(Anderson, et al. 2016, Rauch, 
et al. 2016, Powell, et al. 2018) 
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The Cochrane review included 63 trials conducted between the 1980s and the modern period of CR 
(2000 onwards), that overall indicate both a reduction in cardiovascular mortality (Risk Ratio (RR) 0.74 
95% confidence interval (CI) 0.64 0.86) and reduced readmissions (RR 0.82 95% CI 0.70 
0.96).(Anderson, et al. 2016)  
The modern period of CR is defined as post 2000, when the National Service Framework for coronary 
heart disease was published, setting a new landscape for what CR should be.(NSF 2000) The inclusion 
of RAMIT and older studies within contemporary SR of CR has led to all-cause mortality no longer 
being significant as an outcome of CR, when in previous SR of CR it was.(Anderson, et al. 2016) This 
highlights a possible limitation within some SRs in that they tend to include earlier trials, which may 
not represent modern CR interventions/populations and often include ‘usual care’ arms that are out of 
date compared to modern era trials, thus potentially impacting on the outcomes and recommendations 
arising from such reviews.  
The CROS review was the first to tackle this issue and included only one RCT of the original Anderson 
review due to its inclusion criteria of: time (post 1995 studies only); or low-level comprehensiveness 
of CR interventions.(Rauch, et al. 2016) The systematic review found that attending CR was associated 
with reduced mortality, however, heterogeneity of study designs and CR programmes prompt the need 
for defining international standards for CR.  
The final SR also tried to account for older trials by only including studies published post 2000.(Powell, 
et al. 2018) However, this review had major shortcomings by including a wide range of interventions 
and diverse populations (non-evidenced stable angina). Again possibly diluting the findings. This 
review was criticised for the inclusion of these populations and interventions along with populations 
outside of their date range of 2000.(Cowie 2018) 
Against this landscape of reviews, the context in which CR is delivered has also changed.(Anderson, et 
al. 2016) CR is now being delivered against a backdrop of new treatments and wider referral criteria. 
Therefore, the evidence that underpinned the initial cohort of patients and CR services, is now less 
relevant to the populations receiving CR.  
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The varied results, inclusion of different studies and overall lack of real-world representation raises an 
interesting critique of these reviews and makes a strong case for real world data to assess CR in its 
modern form. Utilising routine data from the NACR, or other CR registries, could aid in this new need 
for research.(Zwisler, et al. 2016, Poffley, et al. 2017)  
In recent years, the large levels of variation worldwide, and specifically in European CR, has been 
captured by wide reaching surveys. These pieces of work are useful for highlighting service and country 
variation, such as that of volume, dose and care provider differences.(Abreu, et al. 2019, Supervia, et 
al 2019, Turk-Adawi, et al 2019, Chaves, et al 2020). These papers, however, due to their methodology, 
i.e. self-reporting of CR variation and outcomes, and level of data recorded, mean that they would be 
inappropriate for analysing outcomes based on multiple patient and service factors. It is instead more 
suitable to seek the use of large registers at the patient level such as the NACR. 
The NACR is a rich registry-based data source that collects data on patient and service provision and is 
comparable with other leading CR registries across the globe, such as the Danish cardiac rehabilitation 
database.(Neil, et al. 2017, Poffley, et al. 2017) The training and support provided by NACR facilitates 
high-quality recording of data.(Egholm, et al. 2019) Working in collaboration with the NACR, the 
BACPR are helping to promote a CR service that is world-leading in uptake and delivery. The working 
relationship between the BACPR and NACR is mutually beneficial with combined working definitions, 
the national certification programme (NCP_CR) and promotion of service change.(BHF 2019). 
Research Methods and Design  
 
Multiple methodologies for evaluating healthcare interventions exist. They range from RCTs to 
observational studies (OS), qualitative interviews and surveys.(Petrisor, Bhandari 2007) The selection 
of research methodology depends largely on the research question. As the intervention and population 
being tested, in this body of work, are thought to be complex and are being investigated in situ, within 
routine care, the selection of OS was appropriate. 
RCTs, such as those in the Cochrane review, included participants 10-years younger than the NACR 
and are under representative of the older patients seen in routine practice (range 18-108).(Anderson, et 
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al. 2016, BHF 2019) In addition to age, trials often exclude or fail to recruit patient sub-groups such as 
those who are frail, or have multi-morbidity and females; the latter two make up 50% and 30% of the 
receiving population respectively.(BHF 2019) 
Observational research including methodologies such as cohort studies, are by their nature more 
representative of routine populations. These studies involve utilising routine care data collected 
prospectively or retrospectively and, if performed well, they enable researchers to monitor and evaluate 
interventions in situ with potential for including more representative populations.  
A recent review showed that well conducted OS can not only address the effectiveness of treatments, 
but, moreover, the findings are equivalent in terms of point estimate differences to that of 
RCTs.(Anglemyer, et al. 2014) The additional benefit of OS being representative, low-cost and less 
hampered by recruitment challenges, position this methodology as highly suitable to evaluate already 
established interventions such as CR. However, as with all research methodologies, appropriate 
reporting (such as STOBE (Vandenbrouke et al 2014)), implementation and acknowledgement of 
limitations are essential for the correct conclusions to be applied, thus researchers need robust training, 
measurable criteria and observational competence.(Carthey 2003) 
The NCP_CR aims to report and assess on quality of delivery and highlight opportunities for 
programmes to improve. In the 2019 NACR Quality and Outcomes Report, the NCP_CR reported all 
programmes and assessed for service quality.(BHF 2019) Figure 2 outlines criteria or key performance 
indicators (KPIs) that the NCP_CR uses to assess programme quality. The 2019 report confirmed that 
huge variability exists within the programmes in the UK: 66 were certified (met all 7 standards), 79 
were classified Amber (4-6 standards), 61 Red (1-3 standards) and 22 failed. Figure 2 shows the 
breakdown of the standards and criteria based on the 2018 Quality and Outcomes report. 
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Figure 2 The NCP_CR standards, from the 2019 Quality and Outcomes report, for the three countries in the NACR, as 
according to the 2019 Quality and Outcomes report. Standard 1-3 are the same for all three, whereas standard 4-7 are 
based on 2016 NACR report and national averages. 
 
Investigating the Complexity of Cardiac Rehabilitation 
Complex interventions are defined as containing several interacting components. The components could 
be and are not limited to: a number of experimental and control interventions, a range of behaviours 
required by those delivering or receiving the intervention, a plethora of groups either delivering or 
receiving the intervention, a large range of variability and flexibility in the delivery or receiving 
population.(Skivington, et al. 2018) Modern CR fits the definition of complex due to the variable nature 
of delivery, as highlighted in the different guidelines and associated evidence. 
CR is a complex intervention and as such can differ largely in the service quality, but also in the delivery 
and characteristics of the population being treated. These variations are yet to be assessed for their effect 
on patient outcomes.(Doherty, Lewin 2012, BHF 2019) It is imperative in modern CR to determine 
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whether variation in delivery is associated with patient outcome to inform practice and maximise patient 
benefit.  
Additionally, programmes are often underfunded and often competing for limited resources which may 
influence the lack of uptake and variability in delivery.(Beswick, et al. 2004, Gore, Doherty 2017, BHF 
2019, Moghei, et al. 2019) Taking account of all of the available variation is important in assessing the 
association with outcomes post CR, which is what the five studies set out to do.  
Based on the type of intervention that CR is, and the high-quality data available through the NACR, it 
was timely in 2015 to investigate patient and service level factors thought to be associated with patient 
outcomes. This thesis will form a bridge between five independent studies; highlighting their 
similarities, detailing advancements made in methods and overall conclusions, presented as one 
comprehensive body of work.  
Literature Search 
To contextualise the studies included in this thesis since their production and publication, a literature 
search was performed on key factors represented in each of the studies. The literature search was 
undertaken systematically with the aim of incorporating contemporary and relevant literature. The 
search was performed initially in June 2018, re-run in March 2019 and again in January 2020. The 
search strategy and preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow 
diagram are summarised in Appendix 1-4.(Methley, et al. 2014) The literature does not form its own 
chapter but is included in chapters relating to the studies. Studies were assessed for methodological 
quality using appropriate tools (Table 2). Standardised scores used the grading of recommendations, 
assessment, development and evaluations (GRADE) system, High (100-75), Moderate (50-74), Low 
(25-49) and Very Low (0-24).(Schunemann, et al. 2019) The scores, GRADE standardised scores and 
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Table 2 The study designs and the assessment tools used to assign quality standardised scores for reporting. 
Type of Study Design Assessment tool 
RCT 
PEDro, used pre published scores where available or manually graded trials using 
PEDRO tool (De Morton 2009) 
Systematic Review CASP* (Ibbotson, et al. 1998) 
Cohort Study CASP* (Ibbotson, et al. 1998) 
Cross Sectional Study AXIS Tool  (Downes, et al. 2016) 
PEDro – Physiotherapy Evidence Database CASP- Critical Appraisal Skills Programme AXIS – Appraisal toll for 
cross-sectional studies 
 
CASP is not designed as a scoring tool, however, standardised scores were applied to group the range of quality 
studies. The full information was used when assessing their methods, results and conclusions. 
 
There were 33 studies identified and included through the systematic search; these were spread across 
the topics covered in each of the five studies. At the end of each chapter, a small review of the studies, 
their quality and how they compare with the findings will be presented. 
From here on, to identify the studies of which this thesis is comprised, italics and capitals will be used 
to discern from other literature e.g. Study one. 
Thesis Aims 
The overarching aim was to investigate whether variations in CR delivery, such as mode, volume and 
patient populations are associated with patient outcome.  
Thesis Objectives 
The aim relates to understanding, identifying and evaluating factors associated with patient outcome, 
within an established evidenced based intervention.  The preferred approach was OS based on routine 
care. The thesis’ aim will be achieved through the following objectives: 
1. Implement the following studies using a robust observational approach: 
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b. Study two, explore patient level factors that may be associated with psychosocial 
wellbeing Post-CR 
c. Study three-five, assess the degree that modalities delivered in routine CR define 
health outcomes and risk factor change 
2. Review the methodological techniques used and assess the findings of each study individually 
and together as a body of work 
3. Utilising a systematic search of the literature, compare the findings in the context of 
publications during the period 
 
Outline rationale for approach 
The association between programme volume and patient outcomes are well established in healthcare 
interventions.(Jenkins, et al. 1995, Gammie, et al. 2007, Sepehripour, Athanasiou 2013) In 2015, an 
OS investigated the association of volume with nine patient outcomes. Chapter 2 reviews the methods 
and findings of Study one and the impact on the surrounding CR volume and outcome literature.  
It  is established that the CR populations are heterogenous, for example their baseline risk factors and 
socioeconomic background.(Ardiana, Radi 2017, Christensen, et al. 2017, Dean, et al. 2018) To 
understand how patient characteristics can influence their outcomes, Study two investigated 
employment status and psychosocial wellbeing post CR. Chapter 3 will review the findings, 
methodology and influence. 
Modern CR is delivered in a variety of ways, however, it is still dominated by supervised CR.(Thomas, 
et al. 2010, Piepoli, et al. 2014, BACPR 2017) A review concluded that home-based CR is equally 
effective as group-based CR for patient outcomes.(Anderson, Sharp et al. 2017) Chapter 4 will review 
three studies that investigated mode of delivery and psychosocial, physical and risk factor outcomes in 
routine care. The chapter will look at methods and analysis techniques and impact on evidence.  
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The evidence that volume, as a service characteristic, influences outcomes was widely accepted in 2015 
across numerous populations and interventions.(Jenkins, et al. 1995, Gammie, et al. 2007, Sepehripour, 
Athanasiou 2013) An illustration of this in CVD populations are interventions such as surgery, which 
showed evidenced influence on the patient mortality. 
UK guidelines guided the delivery of CR in 2015 when this research was conducted.(SIGN 2002, 
Buckley, et al. 2013) The BACPR had no mention of class sizes whereas the Scottish Intercollege 
Guidelines Network (SIGN) had a value of 500 patients for the programme. At the time, the only 
research that included class size and patient outcomes was the RAMIT study stating that increased 
mortality was associated with smaller class size (<13 patients per group). This dearth of evidence of the 
volume-outcome relationship (VOR) in CR, was the justification to investigate whether this existed in 
routine care.  
 
Study one: Observational study of the relationship between volume and outcomes using data 
from the National Audit of Cardiac Rehabilitation 
 
The aim of Study one was twofold; firstly, to address whether NACR had the quantity and quality of 
data to address research questions, as this had not previously been explored and, secondly, to assess the 
association between programme volume and patient outcomes. 
Study population 
 
The research used NACR data from the financial year 2012-2013. All categories of patients who receive 
CR including MI, percutaneous coronary interventions (PCI) and coronary artery bypass graft (CABG) 
were included. The inclusion criteria applied were; patients who started and completed CR, and those 
having pre and post measures for at least one outcome measure. The initial study population, used to 
calculate volume was 48,476 patients. Ultimately, only 21,966 patients were included when post CR 
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measurement was applied as selection criteria.  Although the population included was compared to 
those excluded, the drop  in sample size does highlight a limitation in routine care data which is missing 
data. The overall impact of this was that less than 50% of the total group were included. 
The study was unique as, firstly, there had previously been no studies published using the routine audit 
data from the NACR and, secondly, this was the first publication investigating VOR in CR. 
Volume was defined as the ‘number of patients receiving CR’; operationally different from programme 
size which was the total number of patients registered. This allowed the analysis to estimate volume 
relative to the programme size, which is important because the two variables are different.  Size is 
relative to funding, staffing and infrastructure, whereas volume is patients seen relative to maximum 
throughput. In addition, the programme’s staffing profile was also included which enabled more 
detailed analysis of funding and resources. This was total staff hours and delivery by a multi-
disciplinary team (MDT) (≥3 different staff disciplines). 
Analysis 
Linear and logistic regression were used, utilising data structured hierarchically, to assess volume in 
association with patient outcomes. This allowed the effect of the continuous variable ‘volume’ to be 
calculated, while factoring in known patient level covariates, e.g. age, gender, marital status and the 
comorbidity status. Additionally, baseline scores for each outcome variable were included. Staffing 
information came from the NACR annual survey which collects information on the staff types, grade 
and hours (Appendix 6). This information allowed more detailed programme information to be 
included alongside volume.  
In accordance with statistical literature, p-value of <0.05 was deemed as statistically 
significant.(Concato, Hartigan 2016, Stone 2018) Data model checking was performed using evidenced 
assumptions for linear and logistic regressions.(Hosmer, et al. 2013, Casson, Farmer 2014) 
Outcome variables were continuous except smoking status and physical activity status (achieving 150 
mins moderate activity per week) that were treated as binary variables. This allowed more predictive 
power of associations between factors such as age and volume against body mass index (BMI). 
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However, this meant that associations were based on coefficients rather than odds ratios of being in a 
target category. This was performed to maximise the statistical power, although this may have been at 
the cost of clinical relevance. This was explored in the development of the study, but it did not make it 
into the final manuscript. Future studies utilised categorical outcomes for most variables, increasing the 
clinical relevance for CR users and commissioners. 
All variables included in this and subsequent Studies analysis are shown in Appendix 7.  
Results 
The results showed patients improved upon completion of CR, however, the regression models showed 
no significant association between the programme volume and outcome. Patient improvement included 
a 38.6% increase in physical activity status and a mean increase of 94 metres in the ISWT. 
An additional finding was that 32% of CR programmes failed to carry out assessment 2 (outcome 
measures post CR) which is a minimum standard as recommended by BACPR.(BACPR 2017).  
An aim of the study was to address whether it was possible to develop and perform research within this 
clinical audit. At the point of publication, no other published research had come from the NACR 
database. This research demonstrated large-scale OS is possible. Additionally, the source data was of 
sufficient quality and size to perform in-depth statistical analysis factoring in known covariates; a novel 
aspect in CR research at that time.  
 
Discussion 
This study utilised routinely collected post CR outcomes, including measures of lifestyle change, risk-
factor reduction and exercise capacity. These have been shown to be useful for estimating subsequent 
prognosis including all-cause mortality.(Lavie, et al. 2019) However, future work should look to link 
to data sources such as General Practice (GP) registry and Hospital Episode Statistics that will allow 
assessment of a true measurement of the association with mortality. 
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This study has been cited in publications detailing benchmarking CR registries across the globe (Pesah, 
et al. 2017, Poffley, et al. 2017) and CR delivery,(Davos 2017).  
The literature search found no studies further investigating volume or class size and thus to date this 
study appears to be the only published study on VOR in CR. This study concluded that volume has no 
significant association with outcome which will be validated in studies in chapter 4.  
The conclusions of this study continue to play a vital role in contemporary CR. The finding that volume 
was not associated with outcomes may be the cause for such volume variation across the globe. In a 
survey of CR programmes, large variation existed between and within countries such as in Romania, 
with 1,400 and Finland with 55.(Abreu, et al. 2019) The range in volume internationally is interesting 
as this may allow for wider validation of these UK findings.  
There are some limitations associated with this study which were addressed in later work. For example, 
within this study, there is no presentation of the descriptive data for the population. This means that for 
researchers they would not be able to assess representativeness. Future work included tables that 
directly discuss descriptive statistics including demographic variables such as age, gender and marital 
status.  
Lessons Learnt 
The key finding from this paper were that programme volume was not associated with the multiple 
patient outcomes. In addition, the use of the NACR data was appropriate and should continue to be 
used for observational studies  
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Chapter 3: Employment Status and Psychosocial Wellbeing Change Post-CR 
 
The association between psychosocial wellbeing and CVD is well documented.(Strens, Colle et al. 
2013) With almost 30% being borderline or clinically anxious and 20% being depressed, the burden is 
clear for patients entering into CR.(BHF 2019)   The prevalence of psychosocial problems is associated 
with reduced participation in healthcare inventions including CR.(Anne, 2012, Ruiz, et al. 2017, Dean, 
et al. 2018) A factor that is closely associated with psychosocial wellbeing is socioeconomic status, 
specifically employment status. The association is evidenced in many condition-specific populations, 
including CR.(Leslie, et al. 2007) 
Both psychosocial wellbeing and employment status have shown to be associated with the utilisation 
of CR. At the time Study two was conducted (2016), there was no evidence to suggest that employment 
status in CR routine care was associated with baseline scores and post CR outcomes of psychosocial 
wellbeing.  
Study two: Relationship between employment and mental health outcomes following cardiac 
rehabilitation: An observational analysis from the National Audit of Cardiac Rehabilitation  
 
The aim of this study was to assess whether patient employment status was associated with their 
psychosocial wellbeing post CR, factoring in patient demographics and an estimation of deprivation. 
 
Study population 
The study population was drawn from audit data collected between 2013 to 2015. All patients receiving 
routine CR were included. The total number of eligible patients were 49,512, however, only 24,242 
patients were included when post CR measurement was applied as selection criteria.  The study sought 
to take account of covariates/confounders by including more relevant variables, such as employment 
status, duration of CR and index of multiple deprivation (IMD). All of which, through the need for valid 
cases, required a relatively larger data set to identify sufficient valid cases due to the extent of missing 
cases within the selected variables.  
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The IMD score was assigned to patients based on clinical commissioning group (CCG) of 
responsibility, e.g. where patients were registered with a GP. This allowed the allocation of the indices 
to be assigned at a patient-level and included in the analysis. There are limitations with the present 
allocation process. The CCGs are somewhat large areas and patients may not live within their CCG of 
responsibility. However, at the time this was the only location field available. 
The inclusion criteria included patients starting and completing CR, having pre and post measures for 
HADS or Dartmouth COOP and valid employment status. 
In CR literature, there is large variation in how employment status was coded. This varied from binary 
employed/unemployed, through to the 12 categories in the NACR annual report.(BHF 2019)  Three 
groups were created; employed (used as base group for regression), unemployed and retired. This was 
justified due to the evidenced differences in employed/unemployed patients, however, retired made up 
>55% and was thought to be significantly different in age and other confounders.(Strens, et al. 2013) 
Analysis 
Outcomes in this study were categorised into clinical sub-scales which were ‘0’ was Normal (0-7) range 
and ‘1’ was Anxious/depressed (8+).  This enabled the study to report odds ratios which is more 
clinically relevant for the CR team. The employment status and other variables were inputted into the 
model based on the evidence around their associations with psychosocial wellbeing or other CR 
outcomes.(Leslie, et al. 2007, Strens, et al. 2013) 
IMD was used as categorical based on quintiles. Odds ratios were calculated based on differences from 
the highest deprived to the four quintiles. The analysis included descriptive information for the 
population, allowing readers and other researchers to assess its representativeness. Included variables 
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Results 
The results show that patients from all employment groups show a positive reduction in terms of their 
psychosocial wellbeing. It was found that there was an average reduction of 6.1% and 5.7% for anxiety 
and depression and a 5.3% and 2.6% reduction in the two Dartmouth COOP measures.  
However, though all groups improve, the level of improvement is less in the unemployed group after 
accounting for lower starting point. Unemployed patients were 10% and 13% higher by proportion in 
the anxious and depressed categories respectively. Overall, this finding is aligned with the wider 
literature that found that unemployment was correlated with poorer psychosocial health. (Leslie, et al. 
2007) 
The study was unique in its design and pivotal in informing clinicians of unemployed patients’ shortfall 
in change post CR. However, it clearly shows that, despite its reduced benefit in this population of 
patients, CR should be provided because, for all outcomes, there was reduced burden of psychosocial 
problems post CR. 
Finally, the results also found a novel finding whereby employed and retired patients were not 
significantly different in their outcomes. This shows that if age, gender and other covariates are 
accounted for, retired and employed patients can be grouped together for future analysis.  
Discussion 
This study’s findings are novel as it was the first to assess employment status and its association with 
psychosocial wellbeing. It further enforces the findings of the first study in demonstrating that CR 
results in positive change for patients, and that NACR is an appropriate data source from which robust 
OS can be performed. 
A common limitation is the extent of missing data within routine data which potentially could 
compromise generalisation through a lack of representativeness. To counter this issue, this study 
assessed the demographics at baseline and found they were representative of the wider CR population, 
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but by including fields such as IMD, which reduces the numbers, may introduce unknown selection 
bias. 
A further limitation of this analysis was that programme level variables were not employed. This was 
done to maximise the sample as when IMD was included as a covariate the cases available for the 
analysis were reduced. However, as employment status and this outcome were included in Study 3, we 
are confident that these findings were accurate. 
The literature review identified eight OS and one survey related to this study. The studies were of mixed 
quality, three high quality and the remaining six were moderate to low quality. This was assessed using 
the checklists set out in Chapter 1.  
The high-quality studies were one longitudinal study from Canada and two were cross-sectional studies. 
All three included employment status in the analysis with outcome. Both Sverre and Summer et al 
studies also found that unemployment was negatively associated with outcomes post CR.(Sverre, et al. 
2017, Sumner, et al. 2018) However, the study by Alharbi et al, showed no significant association 
between employment status and outcomes (p-value >0.05); this may be due to the small size and 
differing outcomes used.(Alharbi, et al. 2016) 
The moderate and low-quality studies were retrospective and prospective OS, cohort and a multi-centre 
survey. Only three of the studies included employment status in the final analysis which included 
depression, anxiety and exercise capacity as outcomes.  
Pourafkari et al showed that unemployed/retired patients had worse depression and anxiety before and 
after CR in comparison to employed patients.(Pourafkari, et al. 2016) The average age of the population 
was 60 years (±8) indicating a younger population than NACR and probably more unemployed than 
retired. There was greater improvement in the unemployed group for depression and anxiety post CR 
than the employed group (Depression 24% and Anxiety 22% greater improvement), however, 
unreported factors not presented may have distorted this finding. 
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Three studies showed poorer psychological and physical outcomes in unemployed patients or in lower 
levels of socio-economic work in comparison to higher level or employed patients.(Szalewska, et al. 
2015, Mikkelsen, et al. 2018, Sutherland, et al. 2018) 
The remaining studies showed no significant association between employment and 
outcomes.(Caccamo, et al. 2018, Thomas, et al. 2019) However, there was relatively poor reporting in 
the study by Caccamo et al, and the results table did not provide sufficient details. The study by Thomas 
showed no association although this was investigating the association with admissions, different to the 
outcome identified here. 
Across the literature, it is apparent that there is a diverse methodology for categorising employment 
status. The NACR collects a wide range of status for the purpose of audit, however, future research 
should adopt the two categories of employed\retired and unemployed especially when using 
psychological outcomes. 
Overall, although no direct repetition or analysis was performed post publication, the wider literature 
both pre and post conform with the conclusion that unemployed patients are worse at baseline in terms 
of risks factors  
Lessons Learnt 
The key finding from this paper demonstrated that employment status was associated with pre and post 
psychosocial wellbeing; a finding validated in the wider literature. In addition, as the employed and 
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Chapter 4: Mode of Delivery and Outcomes Post-CR 
 
For over 10 years, the method of delivery for CR has been dominated by group-based versions. Even 
though a menu-based approach has been encouraged in guidelines, such as the BACPR, this method 
still appears to be, for many patients, the only offer.(BACPR 2017, BHF 2019) In 2018, the NACR 
showed that 80% of patients are receiving group-based with home and web versions often being 
underutilised. The most recent guidelines, published this year by the AHA, specified the core elements 
to which home-based CR must adhere.(Thomas, Beatty et al. 2019) The guidelines also summarised 
the potential benefits and disadvantages that home-based version may have which are shown in Table 
3. 
Table 3 Showing the potential advantages and disadvantages of Home-based CR models with Centre-based 
CR as shown in the Scientific Statement published by the AHA 2019 (Thomas, et al. 2019) 
Potential Advantages Potential Disadvantages 
Reduced enrolment delays Lack of reimbursement 
Expanded capacity/access Less intensive exercise training 
Individually tailored programs Less social support 
Flexible, convenient scheduling Less patient accountability 
Minimal travel/transportation barriers Lack of published standards for HBCR 
Greater privacy while receiving CR services Less face-to-face monitoring and communication 
Integration with regular home routine Safety concerns for patients at higher risk 
 
Considering that the uptake has remained relatively stagnant, around 50% over recent years, this 
highlights a potential threshold whereby group-based CR is at capacity. There has been a push for more 
modes as part of the CR menu to increase uptake with home-based emerging, based on RCT evidence, 
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A recent Cochrane review published in 2017, assessed the trial evidence for home versus group-based 
CR.(Anderson, et al. 2017) The conclusion was that outcomes in home-based CR in terms of mortality, 
readmission and quality of life were not significantly different to group-based. Moreover, the evidence 
suggests a better adherence to CR in the home-based group.(Anderson, et al. 2017) 
Due to poor representativeness of trial patients to wider routine care populations, rationale existed to 
assess whether using routine care outcomes, the same effect could be found in OS. Three unique studies 
were performed, each using different outcomes, accounting for different confounders and a progressive 
analytical approach to address that gap in the literature. 
 
Study three: Does the mode of delivery in Cardiac Rehabilitation determine the extent of 
psychosocial health outcomes? 
 
Study three aimed to investigate whether the two different modes of delivery were associated with 
psychosocial wellbeing as measured by HADS and the Dartmouth COOP questionnaire. 
Study population 
The data used for this study was from 2012-2016 financial years. The inclusion criteria were that all 
patients needed to have started and completed CR in the time period and have a recorded mode of 
delivery. A total of 120,927 cases were used for demographic and population descriptive work, 
however, for the main analysis patients needed to have completed pre and post assessment measures of 
the four psychosocial wellbeing scores and this resulted in 34,305 cases included. The measures were 
HADS and the Dartmouth COOP measures, coded in the same manner as Study two. The final sample 
for the regression analysis was 34,305. 
Analysis 
The analysis used in this study is similar to that of the first two studies. Firstly, the outcomes were 
similar in terms of HADS and Dartmouth COOP. In addition, the employment status was coded as per 
the result of the second study with patients being coded as Employed/Retired or Unemployed.  
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Secondly, the regression analysis was structured hierarchically, accounting for the different levels of 
data. Mode of delivery was a patient level variable, however, it was likely to be significantly associated 
with the programme. Thus, the data were structured into three levels, patient level, mode and the service 
level variables such as MDT, staffing hours and volume.  
Mode of delivery is a patient level variable that is completed by the clinician during or after the patient 
receives core rehabilitation. The selection of mode is non-exclusive, so patients can have a combination 
of the options, thus the study recoded the modes into supervised and self-delivered. The supervised 
modes included group-based whereas the self-delivered included home-based, web-based and 
telephone. The completion of GP practice was poor and thus, to maximise sample size and reduce 
selection bias, IMD was not included in this study. All variables included in this analysis and subsequent 
Studies are shown in Appendix 7.  
 
Results 
The analysis initially compared the study population to the wider UK CR population. This was found 
not to be significantly different in terms of age and gender. The study also identified that the patients 
taking up self-delivered were more likely to be female, older and employed/retired. This is an important 
finding as it informs clinicians that specific subgroups, often underrepresented in routine CR, are either 
more willing to take up this alternative offer. In addition to the specific demographic subgroups, it was 
also apparent that baseline psychosocial wellbeing status were worse in the self-delivered group with 
1-3% less likely to be in the target category. 
The regression showed no significant association between the two methods of delivery and the scores 
of patients, for all measures, post CR. The co-variates input into the model such as staffing and 
employment were significant which represents a new finding and adds to the existing literature.  
Additionally, this study included programme volume as a co-variate. This is the first study that has 
included volume as a co-variate since Study one was published in 2015. This study found that 
programme volume, included as a continuous independent variable, was not significantly associated 
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with the outcomes. Whilst this was not included in the study, as it was outside of its main aim the results 
are presented in Table 4, showing a >0.05 p value for all four outcome measures. 
Table 4 Results from the logistic regression analysis; association between volume and psychosocial health 
outcomes post CR 
Outcome measure post CR Odds ratio Sig. 95% CI Observations 
HADS Anxiety  0.999 0.681 0.999 1.000 33,748 
HADS Depression 1.001 0.987 0.999 1.000 33,719 
Dartmouth COOP Feelings 0.999 0.881 0.999 1.000 28,982 
Dartmouth COOP Quality of 
Life 
1.000 0.662 0.999 1.001 28,982 
 
Limitations 
The study had some limitations with some common to the data source and one identified through the 
peer review process. 
Firstly, the analysis was affected by missing data which was a common theme in OS using routine data. 
Only 56% of the population in the data had post CR assessment which reduces the sample size for 
analysis and introduces the risk of bias in the sample. This bias is reporting bias, whereby a specific 
group or subgroup are more likely to engage and be recorded, other groups which are significantly 
different populations are missing. The study commented on this bias and tried to account for this by 
comparing analysis population with wider CR groups and tested for differences. 
Another limitation was suggested by a reviewer and was subsequently inserted on resubmission. The 
reviewer highlighted limitations associated with the use of self-administered questionnaires. As a result, 
the study was edited around the use of self-administered questionnaires in assessing psychosocial 
wellbeing. Self-assessment questionnaires, although easily administered, have potential limitations 
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Discussion 
This study was the first to investigate in routine populations the association between mode and 
outcomes. It enabled the framework for Study four and five and prompted an editorial to be published 
at the same time. This editorial, by Risom, reviewed the study in the light of literature in the area and 
its methodological choices. Key sections of this editorial backed up the rationale, such as stating that 
this study supports the belief that we can transfer the knowledge we had from clinical trials into the real 
world and that finding solutions to issues. such as largely varied and multi-morbid populations, can be 
integrated into the ‘real life’ data sets.(Risom 2018) The editorial also highlighted the findings and 
limitations of the study, such as the poor offer of self-delivered CR (~40% of programmes offer this 
method) and the lack of completed questionnaires. However, this was known by the authors at the time 
and causation was not inferred. 
The subsequent review of literature identified 19 studies which investigated mode of delivery and its 
association on outcomes. Of these studies, nine utilised psychosocial wellbeing or quality of life as the 
outcome. Six of these studies showed no association between mode and the outcomes,(Mosleh, et al. 
2015, Piotrowicz, et al. 2015, Anderson, et al. 2017, Bravo-Escobar, et al. 2017, Gabelhouse, et al. 
2018, Aronov, et al. 2019) two showed group/centre-based had greater outcomes (Najafi, Nalini 2015, 
Bravo-Escobar, et al. 2017) and one showed individualised combined exercise was positively associated 
in comparison to CR.(Christle, et al. 2017) 
The six studies were a mixture of study designs (2 RCT, 1 SR and 2 non-RCT and 1 cohort study), with 
varied quality (2 high quality, 2 moderate and 2 low quality). Although these studies do differ in the 
outcome tools used, e.g. short form 36 (SF-36) (Piotrowicz, et al. 2015), the lack of an association 
between the mode of delivery and patient outcome is consistent. This further supports the conclusion 
that patients benefit from both modes of delivery, and any offer should be based on patient preference. 
A SR published in 2019 investigating the predictors of enrolment, adherence and completion, identified 
a positive association between distance sessions and completion. This further supports the utilisation of 
a ‘menu’ approach especially when considering no difference in psychosocial wellbeing outcomes was 
identified.(Pio, et al. 2019) 
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The two studies showing a positive association between group/centre were a mixture of designs, a RCT 
and an OS, had moderate quality and the outcome was SF-36 as well as anxiety.(Najafi, Nalini 2015, 
Bernocchi, et al. 2018) The differences in outcomes in relation to mode are significant and does 
highlight further clarification with the exact type of intervention and details of patient type and the 
staffing profile. Additionally, both populations were significantly younger, over 10 years younger than 
the present study, and one was exclusively male. This highlights that they are largely different samples 
and thus may explain the different outcomes.  
The last study showed greater improvement in an individualised combined exercise 
intervention.(Christle, et al. 2017) This highlights a potential greater improvement in patients with an 
individualised combined exercise intervention. This is supported in the benefits listed in the AHA 
guidelines which suggest potential tailored patient centred programmes.(Thomas, et al. 2019) 
Overall, when comparing the results of this study to others published since, there is a large level of 
conformity in the lack of an association between mode and outcome which reinforces the findings. 
Where there are differences, the moderate reporting, differences in modes being assessed and 
specifically sub-group populations may explain the variation. 
Lessons Learnt 
The key findings from this paper were that, even when accounting for programme level variation, the 
findings of unemployment and its association, like Study two, still hold. Additionally, the analysis 
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Study four: Are physical fitness outcomes in patients attending cardiac rehabilitation 
determined by the mode of delivery? 
 
Following the successful study and analysis in Study three, the natural next step was to focus on 
physical fitness measures as a CR outcome. The aim was to adapt the mode of delivery methodology 
to ascertain if there were associations between mode, supervised vs. self-delivered, and the two fitness 
measures, the ISWT and the 6MWT. 
 
Study population 
The study population included patients from 2012-2017 within the NACR. All patients except those 
with heart failure were included. The total number of eligible patients was 165,435, however, only 
10,142 patients were included when post CR measurement was applied as selection criteria.  The 
lengthening of the time period allowed more up-to-date data into the analysis which contained a 
higher rate of completion of post CR assessments. The inclusion criteria were similar to Study three; 
patients needed to have completed CR and have recorded mode of delivery. Appendix 7 shows which 
patient and service variables were included. 
 
Analysis 
The model was using data structured hierarchically which allowed for the inclusion of both patient and 
service level variables like age, gender and staffing information. As in previous studies, this analysis 
included programme information such as volume, staff type and MDT. The patient level information 
included age, gender, employment status and duration of CR.  
 
The duration of CR was calculated from the start or pre-assessment until completion date or post 
assessment date. The length of CR was thought to be significant in its association with outcomes. This 
is partly because a longer duration would indicate a more intense and influential intervention, but also 
as longer time between pre and post could result in a higher change in fitness. Previous work highlights 
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the length of CR as an influential factor, justifying the inclusion in the analysis.(Morrin, et al. 2000, 
West, et al. 2012, Sandercock, et al. 2013) 
 
The analysis utilised the outcomes of patients post CR from two well established walking assessments. 
The first was the ISWT, an externally paced walking test, where patients follow audio cues around a 10 
metre circuit that becomes increasingly more challenging (faster) each minute.(Singh, et al. 1992, 
Singh, et al. 2008) The total distance covered indicates the level and sub level covered by the patient. 
In addition to the ISWT, 6MWT was used which is a test whereby patients walk at their natural cadence 
or preferred pace for a period of 6-mintues. 
 
The outcomes were used as continuous variables thus allowing for the comparison between modes and 
the change in scores of patients and the Minimal Clinically Important Difference (MCID) to be used as 
an indicator of clinically meaningful change across the groups.(Singh, et al. 2008, Gremeaux, et al. 
2011, Houchen-Wolloff, et al. 2015) MCIDs, specific for acute coronary syndrome (ACS) patients, are 
cross validated distances and are deemed meaningful to the patient and clinician. MCIDs have been 
generated for the two measures of fitness: for ISWT a distance increase of 70 metres, and for 6MWT a 
distance of 25 metres. Studies showed patients having an increase at or above the threshold resulted in 
a significant improvement physically but also the psychologically benefits too.(Singh, et al. 2008, 
Gremeaux, et al. 2011, Houchen-Wolloff, et al. 2015) 
Results 
The demographics of the full included study population were presented (Study four, page 4, table 1). 
The study population had 80% receiving supervised CR. The supervised population was predominantly 
male, employed, had a partner, and had PCI or CABG. The average age in the supervised group was 
younger and had shorter CR duration than the self-delivered group. 
At baseline, the self-delivered group scored lower on both tests. The change evident in the study shows 
that for the 6MWT the supervised group experienced a larger improvement whereas ISWT showed a 
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larger change in the self-delivered mode (Study four, page 4, table 3). Both groups had average changes 
larger than the MCID. 
The regression model showed, in addition to positive changes experienced in both modes, no significant 
association between mode and the post CR score for either walking test. The inclusion of potential 
confounders, such as age, gender and duration were justified. 
Limitations 
Of all the studies within this thesis, this study experienced the largest drop in patient cases in the analysis 
due to the missing data. In the NACR dataset, the completion of functional capacity measures (FCM) 
are one of the lowest completed of all assessment fields. The reasons for this included lack of training 
and space within CR programmes, but also a potential barrier, whereby more complex and high-risk 
patients are not assessed for FCM. These reasons were verified by clinicians in a survey of UK routine 
care.(Alotaibi 2018) 
Another limitation was the unknown variability in how the FCM tests were run within each centre. For 
example, the length of corridors, differing levels of encouragement from clinicians or number of 
practice runs may have altered outcomes for patients with the same functional capacity. However, as 
their baseline scores were accounted for, and much of the variability would not differ within 
programmes, the methodology accounted for this.   
Discussion 
The conclusion of this study was that in two walking tests, patients attending either mode of delivery 
had meaningful positive improvement post CR. Moreover, there was no significant association found 
with mode and fitness results matching the previous study and wider literature. 
In the literature search studies assessing mode with outcome, 18 included a FCM. Twelve of these 
studies found no significant association with traditional or distance CR in terms of FCM outcomes. 
These studies included four high-quality, six moderate-quality and two low-quality studies from a 
mixture of research methods including a Cochrane review.(Huang, et al. 2015, Mandic, et al. 2015, 
Najafi, Nalini 2015, Aamot, et al. 2016, Chen, et al. 2016, Tang, et al. 2016, Anderson, et al. 2017, 
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Christle, et al. 2017, Bernocchi, et al. 2018, Gabelhouse, et al. 2018, Imran, et al. 2019, Mujeeb, Kazi 
2019) The review showed no difference in mortality and hospital admissions aligning with the results 
for routine practice and exercise capacity. 
The remaining studies showed that mode of delivery was associated with functional capacity. Five 
studies (3 RCT, 2 OS) showed a positive association with traditional group-based CR, and one study 
showed the opposite.(Ramadi, et al. 2015, Bertelsen, et al. 2017, Avila, et al. 2018, Chen, et al. 2018, 
Laddu, et al. 2018, Parreira, et al. 2018)  
Across all studies, a variety of different FCM measures were used, such as volume of oxygen (VO2) 
max,(Chen, et al. 2016) and metabolic equivalent of tasks (METs) scores (Ramadi, et al. 2015, Chen, 
et al. 2018) and 6MWT. (Parreira, et al. 2018) The different outcome measurements used may explain 
some of the varied results. In addition, the variation in definitions of different modes may also be the 
cause.  The study by Parreira et al, showed an association between the supervised CR as opposed to 
self-delivered, however, this differs to the comparison in the review.(Anderson, et al. 2017, Parreira, et 
al. 2018) With a growing emphasis on innovation and utilisation of different modes of delivery, clear 
definitions should be sought. 
The overall consensus from the review of literature and this study is that functional capacity, for the 
most part, is improved through attending CR regardless of its mode of delivery and the evidence 
suggests that self-managed patients benefit to the same extent as supervised patients. 
 
Lessons Learnt 
The key findings from this paper build upon those found in Study three in that mode of delivery, defined 
as supervised or self-delivered, was equivalent in terms of FCM outcomes. In addition, the amount of 
data available for analysis of the FCM was such that future studies should seek to include the ISWT 
and 6MWT as outcomes.  
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Study five: Does the mode of delivery in routine cardiac rehabilitation have an association 
with cardiovascular risk factor outcomes?  
 
The method deployed in this study was informed by the first study, and subsequently improved because 
of Studies two-four. It investigated the association between mode and outcomes as per studies three and 
four, factoring in key variables such as programme volume (Study one), employment status and IMD 
(Study two). 
The aim of this study was to, using refined terminology, assess the association between supervised and 




This study used data covering the period 1st Jan 2012 to 30th April 2018 with patients being included if 
they had completed CR and had a recorded mode of delivery. The total sample included were 81,626 
patients. This remained at this level as multiple imputation was run for any missing fields of which 
51,915 had at least one imputed value.   
Based on feedback from clinicians about our published studies, conference presentations and NACR 
reporting, the mode of delivery was redefined in this study to better represent the work done by CR 
staff and the clinical infrastructure used to support CR. The terminology used was FSM replacing ‘self-
delivered’ as used in studies three and four. This was compared with Supervised CR.  
A common thread throughout the previous studies was missing data. It was decided to implement a 
statistical method to estimate or generate missing cases. Two options were considered for this; 
expectation maximisation and multiple imputations. 
Expectation maximisation is a method whereby missing values are imputed into a single dataset with 
estimated maximum likelihoods generated.(Rubin 1977) This method allows the analysis to be 
performed with one singular dataset, which is the same upon repetition, thus differing from multiple 
imputation. The limitation with this is that if data is considered missing ‘not at random’ then the 
expected and maximum meeting point can be skewed. 
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Multiple imputation is an alternative method whereby new data is generated based on pre-existing limits 
within the original dataset.(Hosmer, et al. 2013) The imputation is run multiple times resulting in as 
many new versions of the data as required. The benefit of this method is that the original and new 
imputed versions can be used in the same regression and this allows for comparisons to be made. 
Caution is needed when imputing the data as key examples in the literature have shown poor imputation 
procedure has resulted in erroneous or lack of known associations such as cholesterol and CVD 
risk.(Hippisley-Cox, et al. 2010) 
Ultimately, the method chosen for this analysis was that of multiple imputations. This is because of the 
wide adoption and pre-existing utilisation in the literature of this method ultimately led this to method 
being chosen to increase interpretability. The analysis used 20 imputations giving sufficient different 




The outcomes for this study were four key CVD risk factors including smoking, BMI >30, physical in-
activity and blood pressure >140/90. Each variable was recoded into dichotomous variables (i.e. 
meeting or not meeting health targets), which resulted in interpretable, usable odds ratios that could 
inform clinical practice. 
The analysis was a logistic regression with multiple confounders and predictors inserted at different 
blocks. These included patient factors such as age, gender, employment status and duration of CR and 
the programme factors staff hours and volume. The IMD in this study was assigned to the patient based 
on residential Lower Super Output Area (LSOA). This improved the accuracy of deprivation as the 
LSOA level is smaller than the CCG.  
Imputed values were generated for employment status, duration of CR, staffing profile, comorbidities, 
waiting times and baseline psychosocial wellbeing scores. In total, 81,626 patients were eligible and 
51,915 had at least one measure imputed. This meant that across the four regression models, a total of 
81,626 cases were used. Mode of delivery was not imputed as it was an inclusion variable.  
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All variables included in this and subsequent Studies analysis are shown in Appendix 7.  
 
Results 
Mode of delivery was compared against patient demographics, and again, the FSM had a greater 
proportion of females, older, white, single and less multi-morbid patients. A novel finding was that 
patients taking up FSM were in greater proportion from lower IMD groups, were symptomatic of 
depression (<8 HADS), had a previous diagnosis of depression and a shorter waiting time. 
At baseline, FSM patients had greater lifestyle risk factors e.g. smoking. Post CR, the change was varied 
with greater change in smoking and BMI but less change in blood pressure and physical activity. (Study 
five, table 1) 
The regression showed no significant association between mode, smoking and blood pressure, whereas, 
for the FSM patients, the odds of patients being physically active was 13.7% and were 11.4% more 
likely to have BMI <30 (p value <0.001 and 0.0016 respectively).  
The results showed that patients undergoing both FSM and supervised modes benefit from CR, 
however, for physical activity and BMI risk factors, accounting for confounders and baseline scores, 
patients from the FSM mode were more likely to be in the active and normal BMI. This differs to the 
findings of the recent Cochrane review.(Anderson, et al. 2017) The differing results should be 
interpreted with caution as the review compared centre group-based CR with mortality and readmission 
of patients and not risk factors such as BMI and physical activity. In addition, this population is more 
diverse than many of the trials included in that review such as a mean age of 56 years compared to 66 
years, and females made up ~10% compared to 24-28% of the populations (depending on mode). 
 
Limitations 
The overarching limitation of this study was the missing data. Although this study utilised multiple 
imputation that accounted for missing cases, it was still a limitation in that over half of the total sample 
needed at least one imputed value. Assumptions were that all imputed variables were missing at random, 
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with those thought to be not missing at random excluded. In future work, inclusion of all variables and 
adjustments for non-random missing would further validate the findings.  
Discussion 
The results of this study confirm the previous work, further consolidating the findings of each individual 
study. Of the 19 studies that have investigated mode since 2015, there were ten studies that had at least 
one risk factor in their outcomes. 
 
Seven of the studies showed no association between mode and outcomes. These included SR (two), 
RCTs (one) and OS (four) and they were of mixed quality (4 high, 1 moderate, 2 low). There were three 
studies that showed centre-based CR was positively associated with improving risk factors. These 
included greater cholesterol improvement in centre-based CR, greater physical activity and body 
composition.(Ramadi, et al. 2015, Chen, et al. 2016, Christle, et al. 2017) Across all the studies, the 
risk factors included physical activity, smoking, weight and cholesterol.   
As per the findings of this study, patients do benefit from CR regardless of the mode of delivery. As the 
composition of different modes of delivery can vary widely between studies, this may account for the 
heterogeneous results in the literature. Future work should seek to standardise what is meant by FSM 
and home-based versions. 
Lessons Learnt 
One of the key findings from this work was that a redefinition of mode of delivery clarified a potential 
misleading categorisation that may have validated an inferior mode. Additionally, the findings that 
FSM was equivalent in terms of smoking and blood pressure aligns with the previous studies in the 
NACR and the wider literature. The more unique findings that physical activity and BMI were 
positively associated may be down to better tailoring and that baseline prevalence was different 
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Chapter 5: Discussion and Conclusion of Thesis 
 
 
The aim of this thesis was to investigate whether variations in CR delivery, such as mode, volume and 
patient populations, are associated with differences in patient outcome. The aim was met in that key 
patient characteristics were identified to be associated with outcomes, e.g. employment status and IMD. 
Additionally, the analysis found that service characterises, e.g. mode of delivery and volume were not 
associated with the three outcome groups. Moreover, the findings align with the literature, utilising 
different methodologies, either supporting the association between employment and psychosocial 
wellbeing or little to no association with mode and outcomes 
In addition to the initial aim, this thesis has shown that well performed OS can guide and support 
decision making in healthcare. This collection of Studies may be an example of that. The conclusions 
of this body of work allow clinicians to adjust care or, equally, continue with methods that are working 
well in practice. Adopting a broad range of methods in clinical practice allows for comprehensive 
evidenced based medicine and evaluation to take place. 
When the methodological capabilities offered by OS align with the study aims and research questions, 
utilisation of this method is clearly justified and appropriate.(Black 1999, Carthey 2003, Silverman 
2009, Anglemyer, et al. 2014) The OS design allows for assessment of multiple factors at once utilising 
routine care data and, as a result, conclusions can be made in a timely manner. 
The studies that make up this thesis represent a progressive and sequential methodological approach, 
whereby analyses were built upon, resulting in clear conclusions used to inform and improve clinical 
practice. 
Two themes have emerged from this body of work that can be taken forward into both research and 
clinical practice. Firstly, the findings of key patient and service variables that are, or are not, associated 
  
 
Page 48 of 89 
 
with outcomes helps to inform service and tailor the intervention. Secondly, the methodological 
development by which future OS can be conceived, designed and conducted.  
Thesis findings influencing CR practice 
Validation of improvement in routine patient outcomes 
CR has been well established as an effective intervention through RCTs and SR over the past 40 
years.(Anderson, et al. 2016) The thesis found that, in addition to this efficacy evidence, there were 
substantial changes in routine outcomes, such as BMI, ISWT and smoking cessation. In all studies, 
there was positive reduction in risk factors and, based on this evidence, there is now a real understanding 
that patients benefit from attending CR further justifying its wide adoption in the NHS. This is extremely 
timely as it gives a strong basis for commissioners to develop CR and help to influence uptake to meet 
the new 85% uptake target set by the NHS long term plan.(NHS 2019)  This result aligns closely with 
other work on routine populations in CR.(Mandic, et al. 2015, Najafi, Nalini 2015, Gabelhouse, et al. 
2018) 
Association between programme volume and outcome 
Study one indicated that, contrary to other healthcare settings, VOR were not present in CR. At the time, 
this finding was novel, however, the subsequent inclusion of volume in Studies three, four and five, 
found that volume did not have a strong statistical association further consolidating this result. This 
finding across multiple years of CR, in varying populations, provides further evidence for CR providers 
and clinicians that volume of patient throughput is not directly related to outcomes.  
In addition, since the inception and publication of Study one, VOR appeared to be widely accepted. A 
range of other healthcare interventions have shown less support for VOR. This includes a published 
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study showing no VOR in PCI surgery.(Hulme, et al. 2018) The VOR model was based on the principle  
‘practice makes perfect’ and was well accepted in 2015. However, more recently, it may be that in 
centre interventions or populations, the patient choice and individualised care counters this. In addition, 
with the varied nature of CR delivered across the world, future research should investigate whether CR 
in large or small programmes have higher utilisation by patients and whether they are cost effective. 
Patient benefit exists through all modes of CR 
An important aim of the thesis was to ascertain if a variety of outcomes were associated with the patient 
level mode of delivery. The findings from the final three studies (three, four and five) was that mode of 
delivery, such as supervised or FSM,  was not, for the most part, associated with outcomes and is similar 
to that of the trial evidence summarised in the recent Cochrane review.(Anderson, et al. 2017) Each 
paper separately accounts for service and patient characteristics, such as age and volume, support the 
utilisation of a menu based approach, tailoring for the patient need. This set of results was timely in 
2018-19 as recent AHA guidelines support the wider utilisation of modalities.(AHA 2019) In addition, 
the growing need for increases in uptake as stated by the NHS long term plan can only be achieved 
through wider modes of delivery.(NHS 2019) 
The wider benefits associated with home-based CR presented in Table 3 (page 36) should be the basis 
of future research paralleling the emphasis on supervised CR. 
In addition to the studies discussed in this thesis, other studies have showed comparable benefits with 
FSM CR, such as risk factors and FCM. The varied nature of the CR delivery, as shown in the literature, 
is a possible reason for the heterogeneous levels of association with outcomes.(Najafi, Nalini 2015, 
Ramadi, et al. 2015)  
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It is apparent that uptake in the UK may be at a capacity threshold with 50% being the average over 
recent years (BHF 2019). The only way that services will meet the needs of patients is to incorporate 
wider modes. Evaluation of these modes such as app, web and self-managed versions should be of 
upmost importance. In the past year, many studies and innovations have made inroads into this area of 
care.(Vieira, et al. 2017, Torri , et al. 2018, Piirainen, et al. 2016) One such innovation is the 
Rehabilitation Enablement in Chronic Heart Failure (REACH-HF) mode of care. This has a strong trial-
base and is now being evaluated in routine care to see if it meets the needs and has comparable outcomes 
for patients in routine practice. Alongside producing OS, this is another avenue by which clinical audits 
such as NACR can help to evaluate and shape the future of CR. This is especially timely for services to 
reach the 85% NHS uptake targets.(NHS 2019)  
 
Populations represented in routine clinical audit 
A justification for the use of routine clinical registry data is that the populations contained in such 
registries are arguably more representative of patients accessing routine care than those who are 
recruited into trials. In addition, patients on average had at least one additional co-morbidity to their 
CVD event with many having more than one additional comorbidity. The varied nature of staffing 
hours, type and volume presented in the Studies is rarely seen in trials.(Anderson, et al. 2016, Anderson, 
et al. 2017) The high level of representativeness in terms of routine care patients is valid and vital for 
informing clinicians, health commissioners and providers about the actual/potential level of service 
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Synthesis of findings and studies 
A consistent and progressive body of OS findings alongside robust methodology are presented through 
this body of work. It is timely to utilise observational methodologies to identify and evaluate how best 
to deliver CR as part of a complex intervention. 
This collection of studies demonstrates some major innovations and developments in producing and 
reporting on studies. It also promotes the use of routine data for the assessment of new modes of delivery 
such as the routine care evaluation site for REACH-HF assessment. As a result, routine data (NACR 
data) is now established as a way of evaluating modes of delivery of CR across the range of CVD 
populations.  
Methodological development and recommendations 
A strength of the thesis is the sequential development of the methodological approach through the five 
studies. The culmination of this development is summarised in the final study and the key developments 
are shown below. 
Reporting of data 
As the development of the studies progressed, the quality and transparency of the reporting increased; 
this resulted in more replicable and clear studies. In terms of presenting the data, Study one had 
significant drawbacks. The strengthening of reporting of observational studies in epidemiology 
(STROBE) guidelines in the early work were used as a checklist to include important sections. 
(Vandenbrouke, et al 2014) However, in subsequent studies from the point of conception STROBE was 
considered and this allowed for inclusion of data, categorisations to be justified and bias in sampling to 
be assessed. For example, in Study One lack of presentation of a demographic table of the study 
population hindered assessment of bias. This thesis can be used as an example of how aligning with 
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STOBE more throughout the process increases quality of the completed research papers. In addition, 
closer alignment with STROBE guidelines would provide a more robust reporting 
technique.(Vandenbrouke et al 2014) 
Regression patient and centre levels  
The structuring of the different levels in the NACR data in the regression design was implemented in 
all studies except Study two. The inclusion of a centre variable would have allowed the analysis to 
account for other service factors not measured. However, the findings of study of Study two were 
validated in follow-up work which included centre level data and the psychosocial wellbeing outcomes. 
Structuring the data hierarchically remained justified as each study had a mixture of service and patient 
level variables.(Gelman, Hill 2007) The different layers of data allowed for the patient and service 
variables to be included. It is important to implement this methodological approach in studies which 
are similar in design or specific complexity of intervention or populations. This is because structuring 
by levels allows the factoring of multiple service and patient factors at once and has been shown to be 
more accurate than analysis done at the single level.(D'Errigo et al  2007) The advantages of this 
approach include correct inference estimation and the ability to ascertain group effects more accurately. 
Although there are a variety of different methods for building regression models, especially due to the 
high variable nature and many complex components this approach is suitable. The thesis supports the 
further adoption of hierarchical modelling when the data is structured in the appropriate manner and the 
sample allows for power in the model. 
The ability to take account of covariates/confounders by including relevant variables, such as 
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Assessment of Sample Representation 
This collection of studies, specifically Study two onwards, increasingly compared the included 
populations with the wider NACR data. The comparison allowed conclusions that were made to be 
more externally validated to the UK CR population. Generalisability and transparency of potential 
sampling bias is vital in robust OS.(Anglemyer, et al. 2014) In Study two onwards, there was assessment 
of reporting bias such as comparisons in observable demographics e.g. age, gender and ethnicity. This 
allowed for the conclusions to be extrapolated to the wider CR population which is more informative 
for clinicians and allows increased confidence that the sample is representative.  
Accounting for Missing Data 
Specific variables such as the IMD, employment status and FCM were all highly exclusive and 
introduced significant drops to the population size. In Study five, the methodological approach of 
multiple imputation was utilised. This was deemed suitable both for the data source, due to its large 
need for data imputation, and also the potentially non-random missing of data.(Hosmer, et al. 2013)  
Within the analysis, variables with assumed non-random missing were only included if they had valid 
cases, these included core variables such as age, gender and mode of delivery. Imputation was run on 
all other included variables, and therefore, deemed missing at random. The exclusion of missing cases 
in variables with missing data was a limitation of this Study five. In future work, utilisation of sensitivity 
analysis exploring departures from the missing at random assumption would be informative. 
There have been other studies in the CR literature that have been published with multiple imputation 
showing it as a viable and understood solution for missing data.(Al Quait, et al. 2017, Al Quait 2018)  
These studies were performed prior to Study five which informed the analysis and our results and 
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successful imputation further validate this methodological approach, thereby adding to the body of work 
justifying multiple imputation. 
Going forward, the NACR and other clinical audits and registries being used for research should 
continue to pursue more strict inclusion of data which would result in less missing cases. However, 
researchers should also seek to employ multiple imputation or other statistical approaches where 
appropriate. 
Utilisation of Routine Patient Outcome Measures 
All the studies undertaken for the thesis used routinely collected pre- and post-scores that were available 
in the NACR. Measures such as risk factors, psychological wellbeing and FCM are useful indicators of 
patient improvement and, moreover, are relevant to clinical practice.(BACPR 2017) Although these 
measures are good indicators for reductions in mortality and readmissions, it would be beneficial for 
the routine data and OS in future work to look at associations with outcomes in the trial evidence such 
as long term mortality.(Lavie, et al. 2019) Inclusion of outcomes such as readmissions and mortality in 
registry-based OS will help to increase the influence on literature, help with other aspects in influence 
such as costing models and, overall, allow comparisons between routine patients and trial patients. The 
inclusion of mortality in routine care based research was the aim of RAMIT trial in 2011, however, its 
justification is more evident now.(West, et al. 2012) With access to over 300 programmes, over 
1,000,000 cases from 10 years and using methods and techniques developed in this thesis’ Studies, 





Page 55 of 89 
 
Potential findings and conclusions for relevant stakeholders and beneficiaries of care  
Patient – The findings of the thesis that may impact on patients are the acknowledgment and evidence 
that the FSM modes evaluated through the thesis are equivalent,. This provides reassurance to patients 
that they are receiving CR of at least as good standard as to any CR previously delivered e.g. traditional 
centre/supervised CR. In addition, the altered rehabilitation tailoring of routine CR may directly impact 
on their future care. 
Health Care providers – The information around alternative modes of delivery will allow the 
clinicians to have confidence in offering FSM methods. In addition, acknowledgment of patient 
characteristics associated with poorer outcomes will help tailoring at the start of CR. 
Policy makers – The findings that mode of delivery and volume are not associated with outcomes will 
help to inform funders when developing programmes or reviewing investment. In relation to volume, 
higher volume is not associated with outcome variability, and either economies of scale or patient 
accessibility may be more relevant. 
Researchers – The summary of methodological advantages listed above will help to drive quality 
research that is performed and written in clear and transparent ways. This will continue to showcase OS 
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Conclusions 
In 2015, there was a need for evaluation of routine CR. The evidence for CR being effective was well 
established, however, large levels of variation in service delivery and populations led the researcher to 
question the association with service quality. Five primary OS were conducted in a sequential manner. 
These were investigating whether programme variation, such as volume and mode, and patient 
difference such as employment status was associated with outcomes. These included risk factors such 
as BMI and smoking, psychosocial wellbeing and functional capacity measures (e.g. ISWT and 
6MWT). 
The findings from the sum of studies were twofold i.e. methodological development has led to a 
template from which future work is now reported, tightly following STROBE guidelines, and performed 
e.g. multiple imputation may be used to account for missing data.  Furthermore, that service variations 
investigated such as mode and volume was not, for the most part, associated with routine outcomes and 
that patients do benefit from CR. It did find, however, that variations in patient profiles such as 
employment status and their IMD profile were shown to be associated with outcome. Additional 
findings beyond the initial aims were that methodological developments have led to the development 
of a template from which future work is both now reported, following STROBE guidelines, and 
performed e.g. multiple imputation may be used to account for missing data.  
Based on the synthesised findings of this thesis, there are clear recommendations for future research 
and how it should be undertaken. Moreover, the variations in care identified, such as different 
modalities, should be acknowledged and given further credence as they represent viable additional 
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options to a traditional care menu with potential to increase CR uptake which is now a stated target 
(85% by 2028) for the NHS England Long Term plan.   
  
 




MEDLINE Search Strategy 
Database: Ovid MEDLINE(R) Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid 
MEDLINE(R) Daily and Ovid MEDLINE(R) <1946 to Present> 
 





1     exp heart diseases/ (1040273) 
2     myocardial infarction/ (157650) 
3     percutaneous coronary intervention/ (12087) 
4     coronary artery bypass/ (46429) 
5     coronary disease/ (129293) 
6     ((cardiac or cardiovascular or coronary or heart) adj2 disease$).ti,ab. (373083) 
7     ((cardiac or cardiovascular or coronary or heart) adj2 condition$).ti,ab. (8468) 
8     heart failure.ti,ab. (143523) 
9     1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 (1277972) 
10     Telerehabilitation/ (163) 
11     (telerehab$ adj2 (model$ or deliver$ or program$ or intervention$ or mode$)).ti,ab. (125) 
12     10 or 11 (252) 
13     9 and 12 (26) 
14     limit 13 to (english language and yr="2000 -Current") (25) 
15     *cardiac rehabilitation/ (1232) 
16     ((cardiac or cardiovascular) adj2 rehabilitation).ti. (3654) 
17     ((cardiac or cardiovascular) adj2 telerehabilitation).ti. (14) 
18     15 or 16 or 17 (4161) 
19     limit 18 to (english language and yr="2000 -Current") (2735) 
20     cardiac rehabilitation/ (1617) 
21     ((cardiac or cardiovascular) adj3 rehabilitation).ti,ab. (5964) 
22     ((cardiac or cardiovascular) adj3 telerehabilitation).ti,ab. (20) 
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23     20 or 21 or 22 (6612) 
24     9 and 23 (5174) 
25     limit 24 to (english language and yr="2000 -Current") (3336) 
26     Socioeconomic Factors/ (140900) 
27     Employment/ (42867) 
28     employment status.ti,ab. (5955) 
29     working status.ti,ab. (615) 
30     ((sociodemographic or socioeconomic) adj2 factor$).ti,ab. (13126) 
31     intrapersonal factor$.ti,ab. (167) 
32     26 or 27 or 28 or 29 or 30 or 31 (189838) 
33     25 and 32 (142) 
34     Telemedicine/ (17664) 
35     (telehealth or telemonitor$).ti,ab. (4034) 
36     (e-based or e-coach$ or e-deliver$).ti,ab. (304) 
37     (internet based or internet-based or internet-deliver$ or internet deliver$).ti,ab. (7594) 
38     (m-based or m-deliver$ or mhealth or m-health or mobile health or mobile-health).ti,ab. (3323) 
39     (web based or web-based or web deliver$ or web-deliver$).ti,ab. (24544) 
40     (home based or home-based or centre based or centre-based or center based or centre-based or 
group based or group-based).ti,ab. (15992) 
41     Self-help Groups/ (8639) 
42     Group Processes/ (13362) 
43     Self Care/ (30470) 
44     (self care or self-care or self deliver$ or self-deliver$).ti,ab. (14881) 
45     care model$.ti,ab. (5877) 
46     (deliver$ adj2 care).ti,ab. (26508) 
47     (deliver$ adj2 (mode or method$)).ti,ab. (16131) 
48     ((deliver$ or provid$) adj2 home).ti,ab. (4583) 
49     34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 (173258) 
50     25 and 49 (387) 
51     (volume adj2 outcome$).ti,ab. (1587) 
52     (volume adj2 relation$).ti,ab. (4657) 
53     (volume adj2 predict$).ti,ab. (2202) 
54     (volume and outcome).ti,ab. (30080) 
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55     high volume$.ti,ab. (13231) 
56     (class$ size$ or programme$ size$ or program$ size$).ti,ab. (768) 
57     51 or 52 or 53 or 54 or 55 or 56 (47942) 
58     25 and 57 (13) 








EMBASE Search Strategy 
Database: Embase <1974 to 2018 July 10> 
 




1     exp heart disease/ (1688911) 
2     heart infarction/ (257767) 
3     percutaneous coronary intervention/ (63847) 
4     coronary artery bypass graft/ (67544) 
5     coronary artery disease/ (185319) 
6     ((cardiac or cardiovascular or coronary or heart) adj2 disease$).ti,ab. (536209) 
7     ((cardiac or cardiovascular or coronary or heart) adj2 condition$).ti,ab. (12278) 
8     heart failure.ti,ab. (234903) 
9     1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 (2006989) 
10     Telerehabilitation/ (416) 
11     (telerehab$ adj2 (model$ or deliver$ or program$ or intervention$ or mode$)).ti,ab. (159) 
12     10 or 11 (502) 
13     9 and 12 (54) 
14     limit 13 to (english language and yr="2000 -Current") (54) 
15     *heart rehabilitation/ (5359) 
16     ((cardiac or cardiovascular) adj2 rehabilitation).ti. (5809) 
17     ((cardiac or cardiovascular) adj2 telerehabilitation).ti. (15) 
18     15 or 16 or 17 (7000) 
19     limit 18 to (english language and yr="2000 -Current") (4723) 
20     heart rehabilitation/ (9229) 
21     ((cardiac or cardiovascular) adj3 rehabilitation).ti,ab. (9738) 
22     ((cardiac or cardiovascular) adj3 telerehabilitation).ti,ab. (21) 
23     20 or 21 or 22 (12236) 
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24     9 and 23 (9868) 
25     limit 24 to (english language and yr="2000 -Current") (7236) 
26     Socioeconomics/ (134614) 
27     Employment/ (55938) 
28     employment status.ti,ab. (8160) 
29     working status.ti,ab. (911) 
30     ((sociodemographic or socioeconomic) adj2 factor$).ti,ab. (15943) 
31     intrapersonal factor$.ti,ab. (184) 
32     26 or 27 or 28 or 29 or 30 or 31 (200149) 
33     25 and 32 (161) 
34     Telemedicine/ (18880) 
35     (telehealth or telemonitor$).ti,ab. (5238) 
36     (e-based or e-coach$ or e-deliver$).ti,ab. (397) 
37     (internet based or internet-based or internet-deliver$ or internet deliver$).ti,ab. (10262) 
38     (m-based or m-deliver$ or mhealth or m-health or mobile health or mobile-health).ti,ab. (3511) 
39     (web based or web-based or web deliver$ or web-deliver$).ti,ab. (34457) 
40     (home based or home-based or centre based or centre-based or center based or centre-based or 
group based or group-based).ti,ab. (21976) 
41     Self-help Groups/ (12180) 
42     Group Processes/ (9140) 
43     Self Care/ (48453) 
44     (self care or self-care or self deliver$ or self-deliver$).ti,ab. (20703) 
45     care model$.ti,ab. (8020) 
46     (deliver$ adj2 care).ti,ab. (33618) 
47     (deliver$ adj2 (mode or method$)).ti,ab. (27885) 
48     ((deliver$ or provid$) adj2 home).ti,ab. (5820) 
49     34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 (228434) 
50     25 and 49 (660) 
51     (volume adj2 outcome$).ti,ab. (2280) 
52     (volume adj2 relation$).ti,ab. (5905) 
53     (volume adj2 predict$).ti,ab. (3479) 
54     (volume and outcome).ti,ab. (50115) 
55     high volume$.ti,ab. (21545) 
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56     (class$ size$ or programme$ size$ or program$ size$).ti,ab. (967) 
57     51 or 52 or 53 or 54 or 55 or 56 (77074) 
58     25 and 57 (28) 
59     14 or 19 or 33 or 50 or 58 (5101) 
60     limit 59 to (english language and yr="2000 -Current") (5101)  
  
 





P Male or Female adult populations with Acute Coronary Syndrome, Revascularisation and or 
Heart Failure. The population can include both ST-elevated Myocardial Infarction (STEMI) 
and non ST-elevated Myocardial infarction (NSTEMI) patients. Revascularisation included 
Percutaneous Coronary Intervention patients and Coronary Artery bypass patients. Heart 
Failure patients were included with either LVEF restriction or HREF and HPEF. Date 
restriction were put on patients recruited before 2000, and studies had to be published 
>=2000 
I Cardiac Rehabilitation was included as the type of intervention, but to meet with specific 
questions within the review, studies needed to address either; Volume of the programme 
(also described as class size or patient throughput), specific employment status as a 
demographic factor and method of delivery. Method/mode of delivery included Home- or 
Group-based, tele-rehabilitation, supervised or self-managed rehabilitation, distance rehab, e-
rehab.  
C The comparison group was investigating the difference in outcomes based on the three sub 
variables of Cardiac Rehabilitation which were, Volume, Employment and Mode of Delivery 
O Based on patient and intervention previously, the outcomes were immediately post Cardiac 
Rehabilitation, Core/Phase3 (phase II for Europe), including weight change, Smoking, BP, 
Physical Activity, HADS, Quality of Life and exercise capacity/walking fitness.   
 
 
The search was designed around the Population and Intervention. Manual screening to assess whether 
the study was addressing the three different intervention differences; Volume, Employment status and 









Flow diagram of studies 
 
First run 
MEDLINE = 2938 retrieved, after duplicates were removed (from within MEDLINE) there were 2933 records 
EMBASE = 5101 retrieved, after duplicates were removed (from within EMBASE) there were   4991 records 
Total 7924 records - When combined 5485 studies 
Re run in March 
MEDLINE = 3210 
EMBASE = 5681 
After deduplication these against each other and the original search results there were 688 extra records.  
Total for review after both searches 6037  
The 32 studies have been pulled and are currently being analysed for their findings, how they sit against the 5 studies and 
also their quality. 
Re run in Jan 
After deduplication these against each other and the original search results there were 747 extra records.  
Total for review after both searches 6784 
The 38 studies have been pulled and are currently being analysed for their findings, how they sit against the 5 studies and 
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Appendix 6 
NACR Annual survey 
 
Dear   
 
 
PLEASE CHECK AND IF NECESSARY AMEND YOUR CONTACT DETAILS 
 
Name     
Telephone     
Email      
Fax      
Programme details  
 
 
Unique ID  
NACR ID    
 
Unless you tell us otherwise, we will assume that this survey return includes the above named 
programme and all of the following programmes  
 
If this is not correct or there are programmes we have missed, please amend the form  
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CONFIRMATION OF FIGURES 
 
As previous years, the data we use in the Annual Report needs to accurately reflect your programme, 
and needs to be available directly from the NACR database so it is verifiable in order to meet the 
purpose of audit.  Therefore, this survey details the figures which will be reported on.  Unfortunately, 
there are no facilities to change your figures manually as has been available in previous years but if 
you are behind with data entry for this period please contact me to discuss. 
 
Please check questions 1 – 5 (completing the number of sessions and duration) and then complete 
question 6 & 7. 
 
1. I confirm that NACR is up to date for this period  Yes ☐    
  




2. The total number of patients who started core delivery rehabilitation CR programme 
between 01/04/2016 and 31/03/2017 was     
   
 
 
3. Breakdown of Question 2, by gender 
  
  Number of men    
  
 Number of women      
  
 Number of unknown gender   
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Reason referred  Number seen 
Myocardial infarction alone  
 
 
Myocardial infarction with PCI to relieve an acute MI (Primary PCI) or a 
PCI a time after acute event  
(previously these figures were provided separately) 
  
 






PCI (not counted above)  














































Questions 5-7 concern rehab provided by your CR programme 
  
 




5.  Number of people seen between 01/04/2016 and 31/03/2017? 
            
            
      
 Seen in Phase I/Early         
 
 Seen in Phase II             
 
 Seen in Phase III/Core     
 




6.   Did your programme start after 01/04/16?    Yes ☐   No ☐  
 
If YES, which month and year did your programme start? 
……………………………………………………………………………………………………………
..................... 
If your programme was suspended or interrupted between 01/04/2016 and 31/03/2017 please explain 
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Please indicate what staff provided CR (for all rehab you provide) in a typical week during 01/04/2016 to 
31/03/2017.  For each type of staff member listed, please indicate their NHS salary band (if known) and the 
number of hours they worked on CR in a typical week.  
 
Staff job title 
  
NHS Salary band* 
  
Hours a week 




























































































* Please indicate if staff are on a manager (M) or specialist (S) grade 
Thank you very much for completing this questionnaire. Please take a copy for your records before 








List of all variables included in the Study analysis 
Level of Data Variable Study 1 Study 2 Study 3  Study 4 Study 5 
Outcomes Psychosocial Wellbeing (HADS, Dartmouth) ✔ ✔ ✔   
Functional Capacity (ISWT, 6MWT) ✔   ✔  
Risk Factors (BMI, smoking, blood pressure, 
physical activity) 
✔    ✔ 
Patient Baseline outcome score ✔ ✔ ✔ ✔ ✔ 
Age ✔ ✔ ✔ ✔ ✔ 
Gender ✔ ✔ ✔ ✔ ✔ 
Comorbidities ✔ ✔ ✔ ✔ ✔ 
Duration (days)  ✔ ✔ ✔ ✔ 
Index of Multiple Deprivation  ✔   ✔ 
Type of event/treatment  ✔ ✔ ✔ ✔ 
Employment status  ✔ ✔ ✔ ✔ 
Waiting time (days)     ✔ 
Baseline psychosocial wellbeing     ✔ 
Patient/Service Mode of Delivery   ✔ ✔ ✔ 
Service Volume ✔  ✔   
Staffing Hours ✔  ✔   








6MWT – Six Minute Walk Test          
ACS – Acute Coronary Syndrome 
AHA – American Heart Association          
BACPR – British Association of Cardiac Prevention and Rehabilitation      
BMI – Body Mass Index           
CABG - Coronary Artery Bypass Graft         
CCG- Clinical Commissioning Group          
CI – Confidence Interval 
CR – Cardiac Rehabilitation           
CROS – Cardiac Rehabilitation Outcome Study 
CVD – Cardiovascular Disease 
Dartmouth COOP- Dartmouth Cooperative        
FCM Functional Capacity Measures         
FSM – Facilitated Self-Managed          
GP – General Practice 
GRADE – Grading of Recommendation Assessment, Development and Evaluation 
HADS- Hospital Anxiety Depression Score         
IMD- Index of Multiple Deprivation         
ISWT – Incremental Shuttle Walk Test         
LSOA- Lower Super Output Area  
MCID – Minimal Clinically important Difference 
MDT – Multi-disciplinary Team          
METS – Metabolic Equivalent of Tasks 
MI - Myocardial Infarction           
NACR – National Association of Cardiac Rehabilitation        
NCP_CR – National Certification Programme         
NHS – National Health Service 
OR – Odds Ratio 
OS - Observational Study           
PCI – Percutaneous Coronary Intervention         
PRISMA – Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
QoL – Quality of Life            
RAMIT – Rehabilitation After Myocardial Infarction Trial  
RCT- Randomised Control Trial   
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REACH-HF –Rehabilitation Enablement in Chronic Heart Failure  
RR – Risk Ratio 
SF-36 – Short Form 36 
SIGN – Scottish Intercollegiate Guidelines Network 
SR- Systematic Review            
STROBE -– The Strengthening The Reporting of Observational Studies in Epidemiology     
VO2 max –Volume of Oxygen  
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Objective: Cardiac rehabilitation (CR) is an evidence-
based intervention delivered by a wide range of high-
volume and low-volume centres; however, the extent of
volume–outcome relationship is yet to be studied.
There is a lack of consensus about the effect of volume
on outcomes, with evidence of mixed effects in acute
and chronic care. The aim of this study is, to
investigate the extent of association of outcomes in CR
with patient volume.
Methods: Data was validated and extracted from the
national audit from 2012 to 2013 for each CR centre.
Volume was calculated as the total number of patients
entering outpatient CR. Hierarchical multiple regression
models were used to test for relationships between
volume and outcomes. The outcomes included body
mass index, blood pressure, psychosocial well-being,
cholesterol, smoking cessation and physical activity.
The analyses were adjusted for centre and patient
characteristics and confounders.
Results: The number of patients included in the
volume analysis was 48 476, derived from 178 CR
centres. The average age per centre was 66 years with
a 70% male distribution of patients enrolled.
Regression analysis revealed no volume–outcome
relationship, additionally no statistical significance
existed.
Conclusions: Unlike cardiac surgery this study, after
accounting for staffing, age, gender and comorbidity,
shows no effect of volume on outcome following CR
delivered by high-volume and low-volume
programmes. Based on our data there is no support
for centralisation of services. Our findings and
methodology can be used as a benchmark for future
volume–outcome relationship studies in CR.
INTRODUCTION
Research from more than 45 clinical trials
has shown that cardiac rehabilitation (CR) is
a clinically effective secondary prevention
programme leading to a significant reduc-
tion in premature cardiac mortality (26%;
95% CI 13% to 37%), total mortality (13%;
95% CI 1% to 25%) and improved quality of
life.1 2 CR is also a cost-effective therapy with
an estimated cost per life year gained of less
than £2000.3 National recommendations for
CR and National Institute for Health and
Care Excellence (NICE) guidelines state that
programmes should be comprehensive
including education, support with health
behaviour change and exercise training and
should be delivered by a multidisciplinary
team (MDT).2 4
The National Audit of Cardiac
Rehabilitation (NACR), which is funded by
the British Heart Foundation, collects clinical
data from programmes allowing it to monitor
and report on the quality of CR services in
the UK. As with other health services; the
size, resources and the extent of patient
throughput varies across CR programmes.
The extent of this variability, demonstrated
in the literature and through the UK
national audit, could give rise to a potential
volume–outcome relationship (VOR) in
CR.5 6 With respect to volume expectations
only the Scottish Intercollegiate Guidelines
Network (SIGN 57) states a value for the
KEY QUESTIONS
What is already known about this subject?
▸ Current literature supports a positive volume
effect, with increasing patient throughput
leading to improved outcomes in cardiac
surgery but not in cardiac rehabilitation (CR).
What does this study add?
▸ This is the first volume–outcome relationship
(VOR) study in the UK of CR. The methodology
takes account of potential confounders such as
age, gender, comorbidities and staff details.
How might this impact on clinical practice?
▸ Unlike the positive cardiac surgery VOR findings
in favour of high volume, our study suggests
that clinical strategies to optimise uptake to CR
could be achieved through either approach.
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delivery of MDT CR of 500 patients per year which is
based on expert opinion rather than clinical outcome
assessment.7
VOR have been investigated in other areas of cardi-
ology and cardiac surgery identifying that large volume
centres are associated with better outcomes.8 9 This has
led to significant centralisation of cardiac surgery ser-
vices with specific staffing requirements and resources
being made available for large volume centres only.10
The source of the relationship is believed to relate to
higher volume of patients resulting in institutional
experience, selective referral and improved process of
care at higher volume institutions.8
It is expected that this volume effect may be mirrored
in CR; this is because the quality of care may improve
with increased patient throughput. There is an under-
lying assumption that ‘practice makes perfect’ which
should mean that high-volume CR leads to a positive
improvement in outcomes.8 There is a caveat to this in
that national guidance and recent trial data from the
UK express concern about the quality of CR delivery in
routine practice.4 5 10 11 There are national recommen-
dations that CR is based on assessment and is delivered
to a minimum standard by a MDT.4 10 This team should
implement risk factor management and facilitate
health-related lifestyle changes in an increasingly multi-
morbid patient population. If a VOR were to be identi-
fied, then perhaps this finding would prompt policy for
increased CR centralisation.
There is little VOR-specific research in CR. The one
UK study relates to exercise class size rather than total
volume and concludes that smaller class sizes was asso-
ciated with increased mortality.5 In the context of risk
factor outcomes one study from a similar care approach
to CR (eg, psychiatric care) found a detrimental effect
of volume on outcome, with increased hospital readmis-
sion in larger centres (OR of 30 day readmission, 3.0;
95% CI 2.8 to 3.2).12
Current CR although effective, has been shown to
have low uptake with over half of eligible patients not
receiving the programme.10 A possible method of
improvement is to increase accessibility; this could be
done through increasing number of centres.13 Although
this study is not looking directly at accessibility, an off-
shoot is that changes to the way CR is run, large volume
centres or many small volume centres, will impact
accessibility.
Our study aims to investigate the relationship between
volume of patients seen per year, with an experimental
hypothesis that a positive VOR exists in CR.
METHODS
Data collection
The analyses were conducted using individual patient
data collected from the UK NACR 1 April 2012 to 31
March 2013. The NACR is a routinely administered
audit within the National Health Service, which has
approval to collect anonymised patient data for a range
of clinical variables.10 The data is hosted by the Health
and Social Care information Centre (HSCIC), to which
approval is granted annually to use this data to monitor
and report on the quality of CR. The audit collects data
for patients who undergo CR in the UK including
details of the patients initiating event, treatment, risk
factors, medication, patient demographics and out-
comes. UK CR is administered based on the British
Association for Cardiovascular Prevention and
Rehabilitation (BACPR) national guidelines which aim
to reduce cardiovascular risk and promote quality of life
through coordinated core components of cardiovascular
disease prevention and rehabilitation using exercise
training (moderate intensity twice weekly), diet and edu-
cation support.4
Patients were included in the analyses, if they started
CR and been assessed at baseline and had follow-up
data at an assessment 2 (post-CR). This observational
study was reported following the guidelines of the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE).14
In addition to electronic data collection reported
above, staffing details, per centre, were collected from
the annual NACR paper survey, which collects data on
types of staff, hours worked and numbers of staff per
programme. The multidisciplinary nature of a CR pro-
gramme was defined by having a minimum of three dif-
ferent professionals working in the team.
Nine key clinical outcome measures, deemed as
important for risk factor management and routinely
reported by the NACR were selected. These patient out-
comes form part of national CR minimum standards.4
The outcomes were body mass index (BMI), blood pres-
sure (BP), psychosocial health (Hospital Anxiety and
Depression Scale (HADS) scores: anxiety and depres-
sion),15 total cholesterol, a measure of exercise capacity
through the incremental shuttle walk test (ISWT),
smoking status (yes/no) and self-reported moderate
physical activity (PA) (150 min/week; yes/no) conform-
ing to the Department of Health guidelines for 19–64
and 65+ age groups.16
Volume was defined as the total number of patients
who had undergone baseline assessment and entered
the standard core delivery of CR which in the UK is
delivered as an outpatient service. This measure was
used as it reflects the number of patients assessed (eg,
starting CR) and the associated staffing requirements
delivering the service.
Statistical analysis
The analyses were conducted in STATA 13. The data was
hierarchical with patients nested within centres, multi-
level models were used for the analyses, with CR centre
treated as a random effect. Volume, the number of
patients with a baseline assessment per centre, was
included as a continuous variable. A selection of known
confounding factors reported in the literature was used
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as covariates in the analyses. These were age, gender,
number of comorbidities and staffing details. The staff-
ing details included total staff hours and whether the
centre met the multidisciplinary criteria of three or
more professional groups.9 12 17 Comorbidities are any
of 19 commonly associated conditions that patients who
undergo CR have, such as angina, diabetes and cancer.
These comorbidities are routinely collected by the
NACR and reported in the national statistical report.6
Owing to the high level of heterogeneity in the length
of CR, duration could not be used as a possible confoun-
der in this analysis, additionally the number of sessions
is a new variable in the NACR since 2014. The models
were also adjusted for the baseline value of the depend-
ent variable in the model.
A linear mixed model, accounting for centre variation
by hierarchical modelling, was used to assess the extent
by which volume determined outcome for BMI, HADS
Anxiety and Depression and a mixed model for categor-
ical data was used for smoking and PA. Patients were
included in the outcomes analysis, if they had complete
data, that is, baseline characteristics recorded and had
follow-up data at an assessment 2 (post-CR). Data model
checking was performed to ensure that the models were




The study population is summarised in figure 1 based
on a total of 48 476 patients included in the volume
measure from 178 centres. The population was 70%
male (34 067), with an average age of 66 years
(SD=12.37) from postmyocardial infarction, coronary
artery bypass grafting and percutaneous coronary inter-
vention. Median comorbidity of the population was 1.
Of the total included patients in the volume denomin-
ator, 21 966 also completed the full rehabilitation pro-
gramme and attended post-CR assessment.
Baseline characteristics were collected for patients at
the start of the programme (table 1) showing that the
population was representative of patients with cardiovas-
cular disease with above average baseline measures for
BMI and correspondingly low levels of PA.
Only patients with pre-CR and post-CR assessments
were included in the analysis. Table 2 shows a compari-
son between pre and post assessment across all mea-
sures. The exercise capacity measure (ISWT metres) is
the only measure that has a reported minimum clinically
important difference measure, which is above 70 m in
CR populations.18 As shown in table 2 on average the
population is achieving above this figure by 24 m.
To account for the variation and staffing between
centres in the analysis, total staffing hours and whether
the centre met the three MDT professional minimum
criteria were included as covariates. Overall 77.7% of
centres met the minimum criteria, and the average
number of total staff hours per week was 197.4
(SD=116.03), which equates to approximately 5.5 full
time staff members. The average number of patients in a
centre was 368 patients with a large SD (196.92) leading
to a range from a minimum of 42 in the smallest centre
to 1417 in the largest centre. The median number of
Table 1 Baseline characteristics for each of the nine
clinical measures for the total CR population
Pre-CR assessment Mean SD N
BMI (kg/m2) mean 28.12 (5.89) 25 385
Systolic BP (mm Hg) mean 128.92 (20.99) 32 273
Diastolic BP (mm Hg) mean 73.37 (12.17) 31 324
Total cholesterol (mmol/L)
mean
4.65 (1.31) 19 491
HADS Anxiety score mean 6.8 (3.82) 22 135
HADS Depression score
mean
5.8 (3.43) 20 329







BMI, body mass index; BP, blood pressure; CR, cardiac
rehabilitation; HADS, Hospital Anxiety and Depression Scale;
ISWT, incremental shuttle walk test.
Figure 1 A flow diagram showing the total population in the
data set with subsequent numbers for precardiac rehabilitation
(CR) assessment, completed CR and patients with a follow-up
assessment.
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patients was 341. Figure 2 shows the volume per centre
plotted against of nine outcomes, such as HADS Anxiety
and Depression, BMI and cholesterol. The measure of
outcome is the percentage of patients who reached the
target reading for each outcome per centre. The error
bars represent the 95% CI based on the collection of dif-
ferent centres inside each group of volumes, 1–100 and
101–200. The target reading was a measure of the scale
for the continuous outcomes (HADS<8, BMI<30 kg/m2,
cholesterol <4 mmol/L, BP<140/<90 mm Hg), whereas
the dichotomous variables, smoking and PA, were ‘not
smoking’ and reaching 150 min exercise per week,
respectively. The target readings were created using the
CR outcomes used in the NACR annual report.6 This
could not be performed for the ISWT as yet there is no
suggested minimum target for patients at baseline. In all
the clinical outcomes shown in figure 1, there was no
clear association between volume and the extent of
patient outcomes.
The results from the regression analysis are in table 3.
For the predictor variable, total volume per centre,
there were no significant relationships observed in any
of the outcomes.
Model checking was performed to ensure that the
models were a good fit for the data. The covariates
included such as age, gender and comorbidities made
no notable difference to the outcomes with volume
having no significant relationship. The analysis was run
with and without staff level details, this led to no change
in the VOR results.
DISCUSSION
The principal finding of this study was that, based on
clinical outcomes from the NACR data there is no evi-
dence to support a VOR in routine CR. The study used
hierarchical regression to investigate whether volume
influences a range of patient outcomes reported by CR.
No statistically significant associations were found for
VOR. Model checking analysis showed the model was a
good fit requiring no significant changes to the results.
In this study’s population there were 48 476 patients
who met the volume definition used for this study
through starting outpatient CR. The participating popu-
lation had a similar distribution of males to females as
Table 2 Baseline and outcome values for patients with
valid follow-up included in the analysis
Pre Post
Mean Mean N
BMI (kg/m2) mean 28.01 28.02 11 332
Systolic BP (mm Hg) mean 128.92 128.99 11 864















BMI, body mass index; BP, blood pressure; HADS, Hospital
Anxiety and Depression Scale; ISWT, incremental shuttle walk
test.
Figure 2 The volume per centre plotted against clinical outcomes which included Hospital Anxiety and Depression Scale
(HADS) score, exercise 150 min, smoking, body mass index (BMI), blood pressure and total cholesterol. The measure of
outcome is the percentage of participants reaching target boundaries. The error bars represent the 95% CI per volume category.
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the most recent Cochrane review of clinical trials in CR
with around 30% females. The age of patients was on
average 10 years older in routine practice compared with
the Cochrane review.1 Our analysis accounted for the
potential for age to impact on the outcome.
Our analysis which aimed to investigate volume and
outcome is best interpreted in the context of the BACPR
minimum standards which state that CR should be deliv-
ered by a MDT.4 The staff details inputted in the analysis
included the total number of hours worked and
whether the centre had three or more MDT profes-
sionals. Despite having National and European guide-
lines defining the service specification for CR this study
showed that the staffing hours and the MDT profile
varies substantially.4 12 19
Much of the literature concerning volume, such as the
work by Gammie et al8 and Seperhripour and
Athanasiou9 in cardiac surgery showed a positive VOR.
The only UK-specific study that included an aspect of
volume (eg, exercise class sizes) found a non-significant
but positive trend in favour of increased mortality with
smaller volume.5 The research undertaken by Lee and
Lin12 in Japan adds complexity to any conclusion by
showing that tailored patient care (eg, low volume),
such as that seen in psychiatric services, are beneficial at
reducing hospital readmissions.
The evidence from our national study of routine CR,
which accounted for known confounders, is unable to
support either a negative or positive VOR. This study
accounted for five well-understood covariates, known to
influence cardiovascular outcomes, which boosts confi-
dence in our findings but we cannot rule out interaction
by other potential confounders such as patient case
severity and the skills, experience and training of MDT
staff.
One of the drivers for this research was that with
increasing emphasis from policymakers to maximise
throughput and efficiency, the volume within centres
may need to increase. In many areas of cardiology a
change has already been made to increase the number of
high-volume centres. This has been proposed for CR as
high volume is considered good practice.10 There may be
other benefits to increasing the number of high-volume
centres such as reduced costs and improved patient
access; however, improved clinical outcome is not sup-
ported as a high volume benefit in CR in the UK.
Clark et al argue that there is a severe problem with
current CR programmes, which is poor accessibility. The
article discusses how accessibility maximised through
more accessible programmes would improve uptake to
CR. The conclusion to their work and how exactly acces-
sibility could be maximised is yet to be studied.13
Currently only 44% of eligible patients receive CR
meaning that over half of all patients are not taking up
evidence-based CR.10 Our findings suggests that size
does not matter and smaller throughput programmes
offer similar outcomes to larger ones. There may be
unforeseen negative consequences, in terms of accessi-
bility, when centralising programmes to improve prod-
uctivity and clinical outcomes. Future research is
required to evaluate innovation in clinical practice
around a localised and centralised solutions aimed at
increasing accessibility and outcomes.
Limitations
In contrast to the recommended national minimum
standards there was significant under-reporting of the
clinical outcomes. Standard 4 of BACPR standards, states
that all patients undergoing CR should have
‘Reassessment carried out upon completion of the CR
programme to determine achievements of goals’. Based
on NACR data, of all patients who completed CR, 32%
did not have a post-CR assessment recorded. This short-
fall will become less of an issue going forward as the
BACPR and NACR have initiated a national certification
scheme which has mandated post-CR assessment as a
clinical standard.
Finally, the study used postrehabilitation assessment,
after a median duration of 8 weeks of intervention,
which albeit meets the minimum standards it may be
insufficient time for certain risk factors to change.17 19
Table 3 Regression coefficients and OR for volume from the mixed model regression of the nine clinical outcomes
Volume coefficient×10−3 Significance* 95% CI×10−3
BMI 0.1 0.820 –0.65 to 0.515
Systolic BP 0.242 0.929 –5.12 to 5.61
Diastolic BP 1.88 0.191 –0.94 to 4.69
Cholesterol 0.223 0.375 –0.27 to 0.715
HADS Anxiety 0.027 0.933 –0.66 to 0.609
HADS Depression 0.272 0.393 –0.35 to 0.895
ISWT (m) −0.037 0.514 –1.15 to 0.075
OR Significance 95% CI
Smoking 1.001 0.276 0.998 to 1.002
Physical activity 1.001 0.994 0.999 to 1.001
*Analyses adjusted for age, gender, comorbidities, staffing profile and baseline measurement.
BMI, body mass index; BP, blood pressure; HADS, Hospital Anxiety and Depression Scale; ISWT, incremental shuttle walk test.
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This study aimed to investigate whether there was an
association between the volume of patients starting CR
at a centre and clinical outcome.
Contrary to the literature this analysis showed no evi-
dence to support any direction of a VOR within current
UK CR.
This research has developed a robust approach to
audit-based research and established a UK baseline from
which future longitudinal audit-based research can be
conducted. Future NACR research, involving data
linkage with cardiology registries, aims to investigate the
interaction between patient case severity and outcome in
those attending and not attending CR.
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Background: Employment status has been shown to impact mental health state and intervention outcomes, yet
still to be studied in a Cardiac Rehabilitation (CR) population. This observational study investigated the relation-
ship between employment status and mental health outcomes following Cardiac Rehabilitation (CR).
Methods: All patients with an eligible cardiovascular incident entered into the National Audit of Cardiac Rehabil-
itation (NACR) 1 January 2013–31st December 2015. Logistic regression comparing the association between em-
ployment status and normal mental health categories.
Results: A total of 24,242 CR patients with completed post CR assessments were included and had representative
age and gender distribution (mean 65 years, 73.2%male). At baseline the unemployed status had a lower propor-
tion of patients in normal healthy categories than other groups (T-test and chi-squared p = b0.05). The
regression analyses revealed no significant association between retired and employed groups and outcome.
There was significant association between unemployed patients and all mental health outcomes except anxiety;
all p values b 0.05 and odds ratios between 0.525 and 0.772 showing less likelihood of achieving the normal
healthy category.
Conclusions: This is the first UK study, using routinely collected data, to investigate in coronary heart disease pa-
tients the impact of employment status on outcomes. The findings were that when weighted for baseline differ-
ences, unemployed patients mostly had poorer outcomes. Teams involved in CR delivery should take particular
care when interpreting mental health baseline measures when setting CR goals, especially in relation to unem-
ployed patients, and efforts should be made in providing more patient tailored interventions.









Cardiac Rehabilitation (CR) is a highly evidenced based intervention
for a variety of cardiac conditions, (1) significantly reducing cardiovas-
cular mortality (RR 0.74, 95% CI 0.64–0.86) and hospital re-admission
post CR (RR 0.82, 95% CI 0.70–0.96). [1,2] The modern United
Kingdom (UK) CR population includes patients with conditions such
as myocardial infarction, heart failure and angina, along with treat-
ments such as percutaneous coronary intervention, coronary artery by-
passes graft and valve surgery. [1] The benefits of CR are derived from
modifications to lifestyle risk factors and the management of psycho-
social factors associated with well-being. The approach is globally
recognised as multi-disciplinary and comprehensive including struc-
tured education sessions, exercise based interventions and psychosocial
support with agreed core components and minimum standards [3–5]
yet less than 25% of programmes have access to psychosocial services.
[6].
Current evidence in a post Percutaneous Coronary Intervention (PCI)
population showed a link between employment, specifically unemploy-
ment, and lowered quality of life at baseline and 12 months post
treatment [7]. This link between employment and health has scarcely
been studied in CR, often only in uptake and participation [7–12]. The
work by Strens et al. showed employment status at baselinewas associ-
ated with reduced participation in CR post PCI (OR 0.54 CI 95% 0.44–
0.68) or surgical intervention (OR 0.51 CI 95% 0.36–0.73) [8]. A
study of patients followingmyocardial infarction found that unemploy-
ment was significantly associated with reduced intention to attend CR
(p=0.007) and increased drop out (p=0.044) [9]. In a US study of un-
derserved populations, patientswere found to be less likely to attend CR
if they were unemployed; however, conflict with work has also been
identified as a common reason to not complete. [11] Although there is
evidence of employment status affecting uptake and completion of CR,
there is a dearth of evidence as to whether CR, as an intervention, is as
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effective in different employment statuses in terms of patient outcome.
As such the aim of this study was to ascertain the general patient char-
acteristics by employment status and investigate the association be-
tween employment status (employed, unemployed and retired) and
patient outcome following CR; specifically mental health and quality
of life (QoL).
2. Methods
This studywas reported according to the Strengthening the Reporting of Observation-
al Studies in Epidemiology (STROBE) guidelines. [13].
2.1. Data
The analyses were performed using routinely collected patient level data from the UK
NACR database from 1st January 2013 to 31st December 2015. According to the 2015
NACR report a total of 164 CR programmes across theUK enter into theNACR audit [6]. In-
formation on patient's initiating event, treatment, individual risk factors, medication use,
characteristics and outcomes of CRusers is captured. Data is collected under 251 approvals
which are reviewed annually by the Health and Social Care information Centre (HSCIC).
The analysis included all CR programmes in England, with valid patient data at both
pre and post CR assessment including deprivation score as measured by the Index of Mul-
tiple Deprivation (IMD). Patients who had Myocardial Infarction with or without
revascularisation were included to account for type of diagnosis/treatment. All patients
with valid diagnosis/treatment entered were included, minimising selection bias.
2.2. Cardiac Rehabilitation
CR is conducted according to the British Association for Cardiovascular Prevention and
Rehabilitation (BACPR) core components [3]. Typically programmes run for 8–12 weeks,
twice weekly with structured education and exercise components.
2.3. Employment status
Employment status was categorised as employed, unemployed or retired. Being
employed was classified as either full or part time employment, self-employed or as part
of a government training scheme. Unemployed was defined as; unemployed, looking
after family/home, permanently sick/disabled, temporarily sick or injured, student or
other reasons for not working.
Employment status is often defined in a variety of ways, most commonly employed–
unemployed comparisons are made sometimes including a third group; such as retired
[14]. In the UK CR population the mean age of males is 66 years and females is 70 years,
with approximately two thirds of population reported as being retired [6]. As such this
study will include three employment groups; employed, unemployed and retired.
2.4. Outcome measures
Anxiety and depression symptomswere separatelymeasured on theHospital Anxiety
and Depression Scale (HADS), licensed to NACR, (score range 0–21) with higher scores
representing worse symptoms, patients were grouped as healthy normal category (b8)
and unhealthy score (8+) [15]. Quality of life in relation to feelings and general quality
of life were assessed on the Dartmouth COOP (score per item 1–5), responses were
dichotomised (healthy normal score 1–3, unhealthy score 4–5) [16].
2.5. Statistical Analysis
The analyses were conducted in STATA 13.1. Baseline characteristics were compared
across groups using Chi2 or T-test as appropriate. Standardised differences were calculated
for continuous variables, with N0.1 classified asmeaningful. Unemployed and retired groups
were compared to the baseline employed group [16]. Regression models were run compar-
ing the unemployment and retired populations to the reference category employed. Relevant
important covariates were included in the analysis. Age (years), gender (male/female) and
number of comorbidities have both been shown to influence the outcomes following a vari-
ety of different interventions, including CR [17,18]. The duration of CR (length of core rehabil-
itation) was accounted for in analysis. The type of event/treatment prior to CR is likely to
affect the patients' outcomes, to account for this variation patients were coded as medically
managed or re-vascularised as shown in theNACR statistics report [6]. The IMDwas calculat-
ed and ranked, from the most deprived to the least deprived regions, at for all 209 clinical
commissioning groups and was included in this analysis [19]. Individual patients were
assigned an IMD score according towhere their General Practitioner (GP)was locatedwithin
England. IMD was split into 10 equal sized groups ‘deciles’, with 1 being the most deprived
group.
Logistic regressions were used to investigate the association between employment
status, as an independent variable, andmental health outcomes as thedependent variable.
Significance was set at the p b 0.05 level. Data model checking was performed to ensure
that the models were a good fit through assumptions associated with the regressions.
3. Results
3.1. Study population
The study sample is summarised in Fig. 1 and the population charac-
teristics are summarised in Table 1. A total of 24,242 patients were in-
cluded in the analyses.
The population is representative of patients accessing CR [6], with an
average age of 65 years (SD 11.9) andmajoritymale participants (73.2%
male). The average duration of CR for this study falls within the NICE
guidelines of 8–12 weeks, with this population averaging 9 weeks. The
distribution of the employment statuses is similar to the national
level, which has stayed static at 58% retired for the past 6 years [6].
The patients were evenly distributed across the IMD deciles with the
highest proportion in the 8th decile.
In terms of baseline scores by employment group, mean HADS were
2 points higher on average in the unemployed group (mean anxiety 7.7,
depression 6.4) compared to the other two groups. Overall unemployed
patients had the smallest proportion classified as normal on the HADS.
The unemployed group also had the smallest proportions of patients
reporting normal QoL readings in relation to feelings and general QoL,
around 10% lower in comparison. The number of comorbidities was
lowest in the employed group and duration of CR was greater, by
4 days, in the unemployed group. Naturally, the age was significantly
different in the retired population with a 14 years greater average.
Table 1 also shows theproportion change frombaseline to post reha-
bilitation into the normal group (HADS b 8 andDartmouth ≤ 3) for the 4
mental health outcomes split by employment status. The results show
that all groups had improvements across the four outcome measures,
but the largest improvements were observed in the unemployed group.
3.2. Outcomes
The results from the regression analyses are presented in Table 2. The
results consistently, apart from anxiety, showed that unemployed pa-
tients are significantly associated with worse mental health post
Fig. 1. Flow diagram showing patients' numbers from assessment 1 with a valid
employment status field, starting core rehabilitation and then a valid assessment 2 post
rehabilitation. Of the number with assessment 1 49% go on to have an assessment 2.
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rehabilitation (all p b 0.05). The depression results showed unemployed
patients were 26% less likely to be in the normal category (p b 0.034),
and patients were 23–45% less likely to be in the normal category for
Dartmouth feelings and QoL (p b 0.001). No significant associations
were foundbetween the retired population andmental health outcomes.
4. Discussion
The overriding result of this study is that although all employment
groups show improvements in all post CR mental health outcomes,
when compared to the employed group, unemployed patients were
less likely to be in the normal category, post CR, for depression andDart-
mouth feelings and QoL. Anxiety was inputted in a model as well, how-
ever, no significant association was found despite unemployed patients
having a lower percentage in the baseline normal group. Interestingly
work by Meyer et al. showed the complexity surrounding anxiety and
outcome when they found that some level of anxiety, even as high as
≥10 on the HADS score, is associated with a beneficial reduction in
cardiovascular events in a subset of cardiac patients undergoing PCI
(p = 0.014) [20].
When compared at baseline, unemployed patients' mental health is
consistently worse than the employed or retired population. Although
the unemployed group make the greatest improvements pre to post
CR this is likely due to worse pre CR starting point and some level of
the other groups experiencing ceiling effects.
The unemployed patients' at follow-up were significantly (15–26%)
less likely to be in the normal category for the HADS Depression and
Dartmouth questions; this result was not significantly represented in
the anxiety measure.
This seems consistent with the literature, in that unemployment has
an association at baselinewith poorermental health [7,10,21]. Thework
by Waddell concluded a similar effect of employment status on mental
health outcomes, in that unemployed status can be detrimental tomen-
tal health [21]. Additionally Brown and Jin's work also showed higher
odds of poorer mental health in unemployed patients [12,22].
To date the literature investigating the effect of employment on CR,
has only compared how patients differ at uptake and dropout [8–11].
This research has extended knowledge on the characteristics of those
accessing CR from different employment groups and has identified an
association between employment and outcome. In addition to existing
research this current study has identified that from initiating event
through to completion of CR there is a need for service tailoring to
make sure all employment groups benefit from this intervention.
Overall this study enforces the importance of employment status on
the CR population. Unemployed patients are less likely to attend CR and
when they do attend they are less likely to be in three of the normal
mental health outcome groups. This study's results, along with work
on attendance and drop out suggest that commissioners may need to
look at aligning the recruitment to and the delivery of CR by employ-
ment status [8–12].
4.1. Limitations
One limitation of this study is the level of missing data. Although suf-
ficiently powered for the purposes of this analysis, the inclusion of En-
gland only patients and ~31% missing data at the post rehab assessment
may have limited the generalisability of the findings, although the popu-
lation did appear to be representative of patients accessing CR in the UK.
[13].
5. Conclusion
This study identified a strong association between employment sta-
tus and mental health outcomes. The extent of benefit to patients is sig-
nificantly influenced by employment status in that being unemployed
led to reduced benefit in depression and QoL compared to patients
whowere employed or retired. Existing evidence has already established
a linkbetween employment andmental health at baseline; however, this
is the first study to show this impact on patient outcomes. As recom-
mended by national associations, CR teams need to assess patients,
Table 1
Baseline and change in patient characteristics and outcome measures by employment status.
Baseline characteristics Employment status groups
Employed Unemployed Retired Total
Count n (%) 13,820 (27.9) 8253 (16.7) 27,439 (55.4) 49,512**
Male (%) 84.2 73.1 67.7 73.2**
Mean age (SD) 56.1 (9.1) 56.2 (10.3) 72.9 (7.5) a 65.5 (11.9)**
Number of comorbidities (median) 1 2a 2 a 2**
Duration of CR days (median) 63 67a 63 63**
% in Normal Category
HADS anxiety mean (%) 69.7 57.9 77.4 72.3**
HADS depression mean (%) 83.8 69.0 83.9 81.7**
Dartmouth feelings (%) 85.0 76.8 88.1 85.4**
Dartmouth quality of life (%) 95.6 91.8 95.6 95.0**
Change from baseline in outcomes % Change into Normal Category by Employment Status
Employed Unemployed Retired Total
HADS anxiety (%) 7.1 8.0 4.6 6.1
HADS depression (%) 5.8 8.4 5.3 5.7
Dartmouth feelings (%) 5.9 6.4 4.3 5.3
Dartmouth quality of life (%) 2.6 3.6 2.4 2.6
Standardised differences a N 0.1 from employed group and Chi Squared * = p b 0.05 and ** = p b 0.001.
Table 2
Results from the Multivariate Regression Analysis; association between employment sta-
tus and mental health outcomes.
Odds ratio Sig. 95% CI Observations
Effect of being unemployed in comparison to employed
HADS anxiety 0.934 0.56 0.743 1.175 23,209
HADS depression 0.734 0.034 0.552 0.977 23,244
Feelings 0.772 b0.001 0.675 0.884 21,618
Quality of life 0.525 b0.001 0.406 0.678 21,530
Effect of being retired in comparison to employed
HADS anxiety 0.992 0.98 0.513 1.915 23,244
HADS depression 0.978 0.892 0.711 1.346 23,209
Feelings 0.988 0.872 0.849 1.149 21,618
Quality of life 0.802 0.151 0.593 1.084 21,530
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based on the core components of CR, and consider employment status
when tailoring care for individual patients. Future research should con-
sider the staffing profile and types of tailored interventions that would
enable unemployment patients to derive the same benefit.
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Background: Cardiac Rehabilitation (CR) is a multicomponent tailored intervention aiming to reduce lifestyle risk
factors and promote health in patients post cardiovascular disease. CR is delivered either as supervised or facili-
tated self-delivered yet little evidence exists evaluating the association betweenmode of delivery and outcomes.
Methods: This observational study used data routinely collected from theNational Audit of Cardiac Rehabilitation
from April 2012–March 2016. The analysis compared the populations receiving supervised and facilitated self-
delivered modes for differences in baseline demographics, four psychosocial health measures pre and post CR
and changes in anxiety, depression and quality of life following the intervention. The analysis also modelled
the relationship between mode and outcomes, accounting for covariates such as age, gender, duration and
staffing.
Results: The study contained 120,927 patients (age 65, 26.5 female)with 82.2% supervised and 17.8% self-delivered.
The analysis showed greater proportion of females, employed and older patients in the self-delivered group.
Following CR, patients in both groups demonstrated positive changes which were of comparable size. The regres-
sion model showed no significant association between mode of delivery and outcome in all four psychosocial out-
comes when accounting for covariates (p-value N 0.0.5).
Conclusions: Patients benefited from attending bothmodes of CR showing improved psychosocial health outcomes
with 3–76% change from baseline. Over half of CR programmes in the UK do not provide self-delivered CR yet this
mode is known to reach older patients, female and employed patients. Facilitated self-delivered CR should be of-
fered and supported as a genuine option, alongside supervised CR, by clinical teams.










Cardiac Rehabilitation (CR) is a strongly evidenced intervention that
is recognised as integral to comprehensive care for a range of cardiac
conditions and treatments [1–3]. CR had, in 2007, a class one recom-
mendation from the American Heart Association, American College of
Cardiology and the European Society of Cardiology in the care of pa-
tients with heart disease [1,4].
The evidence for CR can be split into trial evidence and modern ob-
servational clinical registries [1–2]. The trial data, for the effectiveness
of CR, summarised by the most recent Cochrane review shows that CR
reduces cardiovascularmortality (RR 0.74, 95% CI 0.64–0.86) and hospi-
tal re-admissions post CR (RR 0.82, 95% CI 0.70–0.96) [1]. The registry
data shows that CR could also significantly reduce all-cause mortality
(HR 0.37, 95% CI 0.20–0.69) [3]. This disparity in conclusions highlights
the differing populations that the studies/trials incorporate. In that
Cochrane review average patient age was 56 years, whereas in the
2016 National Audit of Cardiac Rehabilitation (NACR) patients in the
UK were shown to be 65 years, a 9 year increase in average age [1,5].
This issue of representativeness is a justification for increased use of ob-
servational registry based research.
Currently, the UK is world leading with 50% uptake across the four
main diagnosis/treatment groups, Myocardial Infarction (MI), Percuta-
neous Coronary Intervention (PCI), MI + PCI, and Coronary Bypass
Graft (CABG) [5]. Modern CR remains dominated by group-based ap-
proaches, with 82% of all patients taking up this mode of delivery as ev-
idenced through the NACR 2016 report [5]. In 2017 a review concluded,
based on 23 trials, that home based versus centre based rehabilitation
was not associatedwith patients' outcomes, including physical capacity,
mortality and health related quality of life. This strongly supports the
utilisation of a diverse menu based approach to CR, which would in-
clude group based, home based and manual based CR [6]. However, in
2016 only ~60% of programmes in the UK did not have patients
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receiving home-based in the 2016 audit [5]. Additionally, as shown in
the review of CR effectiveness, evidence based on trial populations is
often not representative of routine care. In the home vs. centre review
6 trials contained no female participants, when routine care shows
around 30% female participation [1,6].
The traditional mode of CR delivery in Europe is supervised CR, with
a median of 12 months with exercise as a predominant factor [1–2,5,
7–8]. Alternatively, facilitated self-delivered structured programmes
such as the Heart Manual, Angina plan and home-based CR exist
which are completed over a similar period [5–8]. The two forms of deliv-
ery, supervised versus facilitated self-delivered CR, are now forming
modern CR. There is debate whether supervised delivery is better than
its structured self-delivered counterpart containing facilitation from
the CR team, as described in the heart manual [8]. A Danish study,
from the CopenHeart research group, allocated patients into supervised
group-based or self-care home-based; the findings were similar to that
of the Cochrane Review and trial in favour of equivalence [9].
The British Association for Cardiovascular Prevention and Rehabili-
tation (BACPR) core components state that CR can be delivered in a va-
riety of ways such as centre based and home-based along with the trial
evidence that exists to suggest a comparable associationwith outcomes
[10]. This study aims to investigatewhether in a routine care population
there is an association between patients receiving supervised or self-
delivered CR and their psychosocial health outcomes post-CR. This will
build upon the trial evidence, but in a more representative and diverse
population.
2. Methods
This study was reported according to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines [11].
2.1. Data
The planned analyses used routinely collected patient-level data from the UK NACR
database from 1st April 2012 to 31st March 2016. NACR collects electronic patient-level
data from over 226 programmes each year [5].
NACR collects information about patients going through CR such as initiating event,
treatment type, individual risk factors, medication use, patient characteristics and out-
comes, along with centre level information; volume and staffing profiles [5]. Data is col-
lected under NHS data requirements, reviewed annually by NHS Digital, which hosts
and oversees the quality of audit data in the NHS. All data used in this study is anonymised
by NHS Digital before reaching the NACR team.
CR is recommended for patients with a diagnosis of MI, heart failure, and angina;
along with being eligible after having a treatment of CABG, PCI and Pacemaker [12–14].
All patients entered into the audit, within the time period, with an in scope diagnosis or
treatment were included in the analysis [5].
The study includes CR programmes in the UK, with valid patient data at both pre and
post CR assessment and completed data fields capturing staffing information. Inclusion
was based on all patients with a valid diagnosis/treatment, started CR and a mode of
delivery completed; this populationwas verified against thewhole CR populationwithout
these measures completed (matching age, gender and baseline scores).
2.2. CR/Mode of delivery
Nationally CR is expected to be conducted according to the BACPR core components,
which recommends a patient-tailored approach, based on the baseline assessment,
defined needs and patient preference [10]. Patient specific CRmeans thatmode of delivery
is a patient-level variable, whereas staffing type is programme level.
For this study mode of delivery was coded from NACR variables, including group-
based, home-based and web-based, into supervised (with staff present) and facilitated
self-delivered (with contact but no staff required for the exercise component). Patients re-
corded as receiving delivery classified as ‘other’were excluded from the study due to lack
of descriptive information; this equalled 3% of patients, and were assessed for differences
in demographics to ensure our final sample was representative.
2.3. Outcome measures
Psychosocial health status is a core area for CR, which in the UK includes assessment of
the extent of anxiety, depression, self-perceived feelings and Quality of Life (QoL) at baseline
and following CR as a measure of outcome improvement. Before starting, the 8–12 week CR
programme all patients should receive a baseline assessment, which includes the Hospital
Anxiety and Depression Scale (HADS) and Dartmouth questionnaire. This records their
psychosocial well-being at baseline, which helps tailor the intervention. The patient is then
provided a follow-up assessment post CR that assesses their improvement across the inter-
vention. The outcomes included were HADS for anxiety and depression and the Dartmouth
questions for Quality of Life (QoL) and feelings. HADS Anxiety and depression symptoms
were separatelymeasured (score range 0–21) with higher scores representing worse symp-
toms; patients were grouped by score as normal category (≤8) and at-risk group (8+)
[15–16]. The Dartmouth feelings and QoL questions provide self-perceived psychosocial
health scores. Responses were coded 1–5 and were dichotomised (normal score 1–3, at-
risk score 4–5) [11].
2.4. Statistical analysis
The analyses were conducted in STATA 13.1. Baseline characteristics were compared
across groups using Chi2 and odds ratios for categorical variables or t-test for continuous
variables. Regression models were built to investigate whether, accounting for covariates,
the supervised and self-deliveredmethods for mode of deliverywere associatedwith out-
comes post CR.
Relevant important covariates were included in the analysis, where they were
evidenced in the literature or significant in preliminary analysis. Age (years), gender
(male/female), number of comorbidities and employment status have been shown to in-
fluence the outcomes following a variety of different interventions, including CR [16–18].
Employment status was coded as employed/retired or unemployed, this is because previ-
ous research found that employed and retired states have similar effects on outcomes [16].
The duration of CR (length of CR)was also included in the analysis alongwith staffing pro-
file, total staff hours, Multi-Disciplinary Team (MDT) and total centre volume. The staffing
information comes from the annual survey, performed routinely by the NACR to gain cen-
tre level information such as staff profile, hours and funding type. Because themode of de-
livery was a patient-level variable, it was important to take into account the relative size
and staffing profile of the centre where the patient received the CR.
Hierarchical logistic regressions were used to investigate the association between
mode of delivery, as an independent variable, and psychosocial health outcomes as thede-
pendent variable. A hierarchical design was used to account for different levels of patient
and centre level data. Statistical level for significance was p b 0.05. Data model checking




The study included 120,927 valid cases from across the UK that
attended CR in the four-year period, this was from a sample of
385,002 patients entered in the time period, shown in Fig. 1. Within
our eligible population, 82.3% received supervised CRwhereas 17.7% re-
ceived CR such as home-based or web-based coded as self-delivered.
The analysis in Table 1 shows increased odds for females and
employed patients receiving self-delivered CR (1.26 and 1.24). The anal-
ysis also showed that older patients, lowermean comorbidity and longer
Fig. 1. Flow diagram showing total population in time period, those with valid mode of
delivery and those with pre and post outcome measures resulting in them being
included in regression analysis
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duration were significantly associated with patients receiving self-
delivered CR.
Table 2 shows the baseline scores for psychosocial health measures
across the two different modes of delivery. The Chi2 analysis shows
that there is significant difference between the two groups. The estimat-
ed odds ratio shows the size of the difference, which is 9–27% less likely
to be in the target normal group at baseline if the patient attends self-
delivered CR. This suggests that patients with poorer psychosocial
health at baseline are receiving self-delivered CR compared to the su-
pervised mode of delivery population. The patients are on average
more anxious, depressed or have poorer psychosocial health in the
self-delivered group.
The percentage change in Table 2 shows that all patients, in either
delivery group, benefit from CR and demonstrated positive change.
The self-delivered group actually improves more across all four out-
comes measures, however, as seen in Table 2 this group also starts at a
lower percentage at baseline.
3.2. Outcomes
Table 3 shows the results from the Logistic regression, comparing su-
pervised delivery to self-delivered. In total 34,000 were eligible for the
analysis with pre and post psychosocial measures recorded as shown
in Fig. 1. The numbers included in each model are presented in
Table 3. There was no significant association seen between any of the
outcomes and the mode of delivery. The covariates that were included
were justified. Employment status, age, sex and comorbidities, staffing
hours and MDT were all seen to be significantly associated with likeli-
hood of achieving the target health state post CR. All assumptions for
the type of model used were met.
4. Discussion
The results from this study show that patients benefit irrespective of
the mode of delivery in terms of psychosocial health outcomes follow-
ing CR. This is the first large-scale routine population study to investi-
gate whether the type of delivery influences the outcomes in a routine
clinical setting. This study builds on the trial conclusions from Cochrane
review by identifying in a real world setting that there is no significant
association between different CR types and psychosocial health out-
comes [6]. The results from the regression, that mode of delivery that
a patient receives does not have an association with post CR
psychosocial health outcome, is likely because CR is structured and
patient-tailored, thus following the structure results in positive change.
The study's population consisted of 120,927 patients that were rep-
resentative of modern UK CR. The population included in the valid case
analysis was checked against the non-valid population; the valid popu-
lation was deemed not significantly different in age, gender and base-
line psychosocial health measures. The age, gender and comorbidity
demographics were similar to the 2016 annual report [5]. However,
the demographic profile shows stark contrast to the findings of the
two recent Cochrane reviews which showed 15% female participation,
as opposed to our ~26%, and 56 mean age where as this study had 65
(SD 12) [1,6]. This shows the difficulty between using trial evidence
and the routine populations for generating service level advice. The re-
cent CROS review, that utilised registry data from Europe, shows a sim-
ilar population to this study, which supports the differences in routine
clinical populations and those seen in trials [2].
The analysis investigated whether the patients receiving the two
types of delivery differed at baseline; it showed that older, employed
and female patients tended to be within the self-delivered programme.
This is extremely important because female and older patients are often
deemed in the evidence to be hard to reach and not taking up the offer
of CR. If there is a preference in these demographics for self-delivered CR
then amore diversemenu based approach to CR could influence uptake.
Patients were also investigated for differences pre and post CR in
terms of psychosocial health. It was shown that patients in the self-
delivered group were less likely to be in the normal group at baseline
(0.91–0.73), however, they experienced a greater change post. This sup-
ports the idea that those with the most to gain experience the highest
change and the supervised group was experiencing a ceiling effect. Re-
gardless of this difference in change, the regressionmodel shows no as-
sociation between mode of delivery and post CR score.
This study's results emphasise the trend seen in recent literature that
mode of delivery defined as supervised or self-delivered does not alter
patient's outcomes. In the UK only 40% of centres supported patients re-
ceiving self-delivered CR which shows a lack of diversity in delivery [5].
This study shows that older and female patients may be more likely to
attend self-delivered CR. The 65% uptake ambition set by NHS England
[19] and 70% from the recent RoadMap for CR [20], remains challenging
and can only be achieved if CR programmes offer a greater choice to pa-
tients by offering more diverse CR options.
The regression analyses showed that there was no difference in psy-
chosocial health outcomes post CR between the modes of delivery.
There was positive change gained regardless of mode of delivery,
Table 1
Showing the differences at baseline of patients when split by the mode of delivery they receive at CR.
Supervised Self-delivered Total Mean difference/Pearson
Chi-square value
Odds ratio (CI 95%)
Number of patients (%) 99,491 (82.3%) 21,436 (17.7%) 120,927 (100.0%)
Female (%) 25,190 (25.6%) 6565 (30.8%) 31,755 (26.5%) 258.356 (b0.001) 1.29 (1.26–1.32)
Mean age (SD) 64 (12) 67 (12) 65 (12) 2.282 (b0.001)
Mean number of comorbidities (SD) 1.6 (1.6) 1.5 (1.5) 1.6 (1.6) 0.13089 (b0.001)
Mean duration of CR days (SD) 68 (42.9) 87 (61.9) 69 (47.3) 19.310 (b0.001)
Employed count (%) 42,012 (70.5%) 7940 (74.8%) 49,952 (71.2%) 143.29 (b0.001) 1.24 (1.19–1.28)
Table 2
The differences in percentage of patients in normal group at baseline and change post CR for the four outcomemeasures, HADS Anxiety andDepression, Dartmouth Feelings andQuality of
Life.
% in normal category for psychosocial
health state
Odds ratio (Chi2 p-value) % Change into normal category by mode
of delivery type the patient received
Supervised Self-delivered Total Supervised Self-delivered Total
HADS Anxiety percentage in normal group 72.0% 70.2% 71.8% 0.91 (0.005) 6 7 6
HADS Depression percentage in normal group 82.1% 79.3% 81.8% 0.84 (b0.001) 6 7 6
Dartmouth Feelings percentage in normal group 84.9% 83.2% 84.7% 0.88 (0.004) 5 6 5
Dartmouth Quality of Life percentage in normal group 95.2% 93.5% 95.0% 0.73 (b0.001) 3 4 3
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which shows that bothmethods of CR lead to improvements in psycho-
social health.
In 2016, the NACR reports 50% uptakewith 82% receiving supervised
group-based CR, perhaps to further increase uptake the numbers receiv-
ing self-delivered programmes should increase [5]. The remaining pa-
tients not taking up the offer of CR, due to the offer not appealing, are
branded harder to reach and are often female and older. This study sug-
gests that the composition of facilitated self-delivery contained older
patients with a higher proportion of females; this suggests that higher
utilisation of this mode of delivery will improve the offer of CR and
thus improve uptake.
4.1. Limitations
Our study population had a good size and is considered representa-
tive of modern routine CR. The study results, which reflect routine clin-
ical practice, build on what was found in the Cochrane review of clinical
trials in that mode of delivery is not a determinate of outcomes and that
providing high quality tailored CR is associated with improved out-
comes regardless of mode of delivery [6].
This study used four years of NACR accumulated data,which after in-
cluding all the different variables such as age, gender, comorbidities and
mode of delivery amounted to 120,927 patients. One limitation that is
shared with the NACR 2016 national report is that only 56% of patients
that start CR have a recorded post assessment. This reduces the number
of valid patients substantially for the later analysis. The population is
still representative and the analysis has enough patients. However, im-
provements in the recording of data such as mode of delivery, post as-
sessments and baseline demographics would improve the power
given to research such as this.
In addition to completeness of data, there are some issues around
the use of questionnaires to capture patients' psychosocial health, firstly
collecting questionnaires post an intervention may reduce complete-
ness and secondly, honesty of patients recording psychosocial health
may be questioned. These two issues could lead to recall and collection
bias, however, the two questionnaires were validated in our CVD popu-
lation and the authors feel confident of the accuracy of the outcomes.
Another limitation of this study is the level of contact that the CR
team had with the self-delivered programme. The self-delivered pro-
gramme was defined from modes such as home-based and web-based
which are structured programmes facilitated by the CR, the exact nature
of the facilitation specific to programmes was unknown.
5. Conclusion
This is thefirst investigation of the association betweenmode of deliv-
ery and psychosocial health outcomes in theUK clinical setting. This study
aimed to investigate whether supervised or self-delivered CR differed in
terms of four psychosocial health outcomes. This study concluded that
there is no association betweenmode of delivery and psychosocial health
outcomes post-CR. Currently, in the UK there are ~60% of programmes
not providing self-delivered CR,with this study and the growing evidence
there should be a wider menu of options in the delivery of CR including
facilitated self-delivered programmes. This study suggests that facilitated
self-delivered CR is appealing for older, female and employed patients
who are traditionally harder to reach, through wider implementation of
self-delivered uptake which may increase further from 2016.
Funding
This research was carried out by the British Heart Foundation (BHF)
Cardiovascular Health Research Group which is supported by a grant




The authors acknowledge the support of the NACR team.
References
[1] L.T. Anderson, N. Oldridge, A.D. Zwisler, K. Rees, N. Martin, R.S. Taylor, Exercise-
based cardiac rehabilitation for coronary heart disease (Review), Cochr. Libr.
(Issue 1) (2016) (2016 (1)).
[2] B. Rauch, C.H. Davos, P. Doherty, et al., The prognostic effect of cardiac rehabilitation
in the era of acute revascularization and statin therapy: a systematic review and
meta-analysis of randomised and non-randomized studies— the Cardiac Rehabilita-
tion Outcome Study (CROS), Eur. J. Prev. Cardiol. 23 (18) (2016) 1914–1939.
[3] V. Sagar, E. Davies, S. Briscoe, et al., Exercise-based rehabilitation for heart failure:
systematic review and meta-analysis, Open Heart 2 (1) (2015), e000163.
[4] W.M. Mampuya, Cardiac rehabilitation past, present and future: an overview,
Cardiovasc. Diagn. Ther. 2 (1) (2012) 38–49.
[5] The National Audit of Cardiac Rehabilitation (NACR), Annual statistical report. UK:
NACR, http://www.cardiacrehabilitation.org.uk/docs/BHF_NACR_Report_2016.pdf
2016, Accessed date: 12 May 2016.
[6] L. Anderson, G. Sharp, R. Norton, H. Dalal, et al., Home-based versus centre-based
cardiac rehabilitation, Cochrane Database Syst. Rev. (2017), https://doi.org/10.
1002/14651858.CD007130.pub4.
[7] B. Lewin, I.H. Robertson, E.L. Cay, J.B. Irving, et al., Effects of self-help post-
myocardial-infarction rehabilitation on psychological adjustment and use of health
services, Lancet 339 (1997) 1036–1040.
[8] H.M. Dalal, P. Doherty, R.S. Taylor, Cardiac rehabilitation, BMJ 351 (2015) 1–8.
[9] L.H. Tang, A.D. Zwisler, S.K. Berg, et al., Is the cardiovascular response equivalent be-
tween a supervised center-based setting and a self-care home-based setting when
rating of percieved exerction is used to guide aerobic exercise intensity during a car-
diac rehabilitation program? Am. J. Phys. Med. Rehabil. 0 (0) (2016) 1–7.
[10] British Association for Cardiovascular Prevention and Rehabilitation, The BACPR
standards and core components for cardiovascular disease prevention and rehabil-
itation 2017, 2nd edition, http://www.bacpr.com/resources/6A7_BACR_Standards_
and_Core_Components_2017.pdf, Accessed date: 7 November 2017.
[11] ISPM, University of Bern, STROBE statement. Strengthening the reporting of obser-
vational studies in epidemiology, http://www.strobestatement.org/fileadmin/
Strobe/uploads/checklists/STROBE_checklist_v4_combined.pdf 2009, Accessed
date: 7 November 2017.
[12] NICE, Clinical Guidelines 172 — secondary prevention in primary and secondary
care for patients following myocardial infarction, http://www.nice.org.uk/guid-
ance/cg172/resources, Accessed date: 19 May 2017.
[13] NICE, Clinical Guidelines 108 — secondary prevention in primary and secondary
care for patients following myocardial infarction, http://www.nice.org.uk/guid-
ance/cg108/resources, Accessed date: 19 May 2017.
[14] NICE, Clinical Guidelines 94 — secondary prevention in primary and secondary care
for patients following myocardial infarction, http://www.nice.org.uk/guidance/
cg94/resources, Accessed date: 19 May 2017.
[15] R.P. Snaith, The hospital anxiety and depression scale, Health Qual. Life Outcomes
(2003) 1–4.
[16] A.S. Harrison, J. Sunmer, D. McMillan, P. Doherty, Relationships between
employment and mental health outcomes following Cardiac Rehabilitation: an ob-
servational analysis from the National Audit of Cardiac Rehabilitation, Int. J. Cardiol.
220 (2016), 851854.
[17] P. Doherty, A.S. Harrison, M. Knapton, V. Dale, Observational study of the relation-
ship between volume and outcomes using data for the National Audit of Cardiac
Rehabilitation, Open Heart 2 (2015), e000304.
[18] J. Fell, V. Dale, P. Doherty, Does the timing of cardiac rehabilitation impact fitness
outcomes? An observational analysis, Open Heart 3 (2016) 1–6.
[19] NHS England, Factsheet: increase uptake of cardiac rehabilitation for people with cor-
onary artery disease and following acute heart failure, https://www.england.nhs.uk/
wp-content/uploads/2014/02/pm-fs-3-10.pdf 2014, Accessed date: December 2017.
[20] P.A. Ades, S.J. Keteyian, J.S. Wright, et al., Increasing cardiac rehabilitation participa-
tion from 20% to 70%: a road map from the Million Hearts Cardiac Rehabilitation
Collaborative, Mayo Clin. Proc. (2016) 1–9.
Table 3
Results from the hierarchical logistic regression analysis; association betweenmode of de-
livery and psychosocial health outcomes post CR.
Effect of self-delivered in comparison to supervised
Odds ratio Sig. 95% CI Observations
HADS Anxiety 0.981 0.744 0.878 1.098 33,748
HADS Depression 1.099 0.158 0.964 1.254 33.719
Dartmouth Feelings 0.882 0.086 0.764 1.018 28,982
Dartmouth Quality of Life 0.830 0.134 0.650 1.059 28,982
139A.S. Harrison, P. Doherty / International Journal of Cardiology 255 (2018) 136–139
Open access 
  1Harrison AS, et al. Open Heart 2018;5:e000822. doi:10.1136/openhrt-2018-000822
 ► Additional material is 
published online only. To view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
openhrt- 2018- 000822).
To cite: Harrison AS, Tang L, 
Doherty P. Are physical fitness 
outcomes in patients attending 
cardiac rehabilitation 
determined by the mode of 
delivery?. Open Heart 
2018;5:e000822. doi:10.1136/
openhrt-2018-000822
Received 15 March 2018
Revised 10 May 2018
Accepted 13 June 2018
1Department of Health Sciences, 
University of York, York, UK
2National Knowledge Centre 
for Rehabilitation and Palliative 
Care, University of Southern 
Denmark and Odense University 
Hospital, Copenhagen, Denmark
Correspondence to
Alexander S Harrison;  alexander. 
harrison@ york. ac. uk
Are physical fitness outcomes in 
patients attending cardiac rehabilitation 
determined by the mode of delivery?
Alexander S Harrison,1 Lars Tang,2 Patrick Doherty1
Cardiac risk factors and prevention
© Author(s) (or their 
employer(s)) 2018. Re-use 
permitted under CC BY. 
Published by BMJ.
AbstrAct
Background Cardiac rehabilitation (CR) is a well-
evidenced and effective secondary intervention proven 
to reduce mortality and readmission in patients with 
cardiovascular disease. Improving physical fitness 
outcomes is a key target for CR programmes, with 
supervised group-based exercise dominating the mode of 
the delivery. However, the method of traditional supervised 
CR fails to attract many patients and may not be the only 
way of improving physical fitness.
Methods Using real-world routine clinical data from the 
National Audit of Cardiac Rehabilitation across a 5-year 
period, this study evaluates the extent of association 
between physical fitness outcomes, incremental shuttle 
walk and 6 min walk test, and mode of delivery, delivered 
as traditional supervised versus facilitated self-delivered.
Results The proportion of patients receiving each mode 
were 80.6% supervised with 19.4% to self-delivered. 
The study analysis comprised of 10 142 patients who 
were included in the two models. The self-delivered 
group contained a greater proportion of females and older 
patients. The regression model showed no clinical or 
statistical significance between mode of delivery and post-
CR physical fitness outcomes.
Conclusions This study is unique as it has identified 
through a routine clinical population that regardless of 
the mode of delivery of rehabilitation, patients improve 
their physical fitness outcomes at meaningful levels. This 
study provides a strong evidence base for patients to 
be offered greater choice in the mode of CR delivery as 
improvements in physical fitness are comparable.
IntRoduCtIon
Cardiac rehabilitation (CR) is a well-evi-
denced intervention that remains effective 
in the modern era of cardiology.1 2 The aims 
of CR are to address and change lifestyle 
risk factors and promote physical fitness and 
mental health.3 4 
The evidence for CR is from experimental 
and observational studies and shows that 
CR is effective at reducing mortality, both 
all-cause and cardiac along with readmis-
sions.1 2 However, the majority of this evidence 
is based on traditional supervised group-
based CR as opposed to facilitated primarily 
self-delivered modes of delivery. In 2017, 
Cochrane reviewed randomised controlled 
trial evidence for the differences between 
home-based and group-based rehabilitation 
in terms of health-related quality of life, exer-
cise capacity and readmissions.5 They found 
Key questions
What is already known about this subject?
 ► Cardiac rehabilitation (CR) is a well-evidenced 
healthcare intervention that is successfully deliv-
ered to over 60 000 people in the UK each year. The 
intervention should be patient tailored and its mode 
of delivery varies from supervised to self-delivered. 
The evidence around the differences in outcome 
from these modes of delivery is lacking and has 
yet to look at physical fitness outcomes in routine 
populations. It has been shown in previous work 
that there is no statistical difference in patients’ 
fitness, although this was in trial populations that 
are often not representative of routine populations. 
Additionally, for other outcomes such as psychoso-
cial well-being in routine populations there was also 
no difference between modes. This will be the first 
study to investigate physical fitness outcomes, such 
as incremental shuttle walk test and 6-min walk 
test, with the mode of delivery.
What does this study add?
 ► This study adds to the growing evidence base of 
mode of delivery and its lack of association with 
patient’s outcomes. For a long time, CR has thought 
to only be delivered in supervised gym-based ses-
sions; however, with this study we know that not 
only are the outcomes of patients comparable but 
also that both groups of patients on average are ex-
ceeding meaningful clinical differences throughout 
their duration of the programme.
How might this impact on clinical practice?
 ► In the UK, CR is still predominantly delivered as su-
pervised group-based rehabilitation, with it making 
up ~80% of the delivery type. Additionally, only 40% 
of programmes in 2017 record as using self-deliv-
ered CR. This study, along with others, that highlight 
the lack of differences in outcome for patients at-
tending either type of rehabilitation can provide a 
strong evidence base for patients to be offered 
greater choice in the mode of CR delivery as im-
provements in physical fitness are comparable.
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that in all outcomes there was no significant association 
between the mode of delivery and where the patients 
were post-CR. Historically, researchers and healthcare 
funders have separated rehabilitation into home-based 
and group-based; however, recently the literature has also 
considered the level of supervision to be an important 
factor in terms of the delivery of rehabilitation.6 7
Although there is growing evidence in the trial popu-
lations that mode of delivery is not significantly associ-
ated with a range of outcomes, there is in parallel an 
acknowledgement that trials may not be representative of 
routine populations. Notwithstanding the known bene-
fits of Cochrane reviews of CR, there are concerns about 
the populations being representative of routine care 
(eg, average age of patients within the trials (56 years, 
range 48–70 years) and women accounting for less than 
15% of the population).1 In the most recent National 
Audit of Cardiac Rehabilitation (NACR) annual report, 
women made up 30% and the average age was 67 which 
is substantially older than the trials.8 Moreover, the inter-
vention within the trials may not contain the variety or 
nuances that are present in real-life/routine care. Due to 
the differences in population and potential intervention, 
it is important to address questions around association 
between mode and outcomes in routine populations as 
well as in trials.
The UK NACR showed that in 2016, 80% of rehabili-
tation was delivered as group-based, with other methods 
such as home-based, web-based and telephone making 
up the other 20%.8 According to the British Associa-
tion for Cardiovascular Rehabilitation and Prevention 
(BACPR) core components, the mode of delivery should 
be menu-based, with interventions centred on patients’ 
needs and preferences.3 4 The lack of choice in the CR 
offer shows that programmes are underusing modes of 
delivery proven to be effective at reducing risk factors and 
promoting lifestyle change.5 In fact, many programmes 
in the UK still only offer group-based CR with ~60% 
of programmes not offering any form of self-delivered 
(home-based, web-based or telephone-based) rehabil-
itation to any patients.8 The UK, Europe and the USA 
continue to aspire to challenging uptake ambitions in the 
region of 65% to 70%.9 10 Recent findings from clinical 
data and clinical review identify a lack of choice in the 
menu of routine practice CR and make recommenda-
tions for more options appealing to patients’ preferences 
and meeting their needs all of which will help overcome 
traditionally barriers to participation in CR such as older, 
female and non-native language speaking patients.8 11
British and European guidelines and core components 
suggest that CR is best delivered by a multidisciplinary 
team (MDT), through a variety of modes of delivery.1 2 
A study based in Denmark, using the CopenHeart data, 
found that patients assigned to supervised group-based 
or self-delivered home-based found no difference in 
their perceived exertion levels postintervention nor 
exercise effects.6 7 A recent study conducted using data 
from the NACR showed that across the two delivery types, 
supervised versus self-delivery, there was no significant 
association with psychosocial health outcomes.12 This 
provides the context for an emerging hypothesis testing 
the likelihood that physical fitness outcomes do not differ 
between the delivery type and that patients can benefit 
from either approach.
This study aimed to assess whether the mode of 
delivery, as supervised or self-delivered, is associated with 
improved physical fitness outcomes as measured through 
the 6 min walk test (6MWT) and the incremental shuttle 
walk test (ISWT).
MetHods
This study was reported according to the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines.13
data
The study used data from a routinely collected audit 
of CR, the NACR. The NACR collects data from CR 
programmes across the UK and has a 74% coverage 
through online data entry.8 The electronic data come 
from 224 programmes, which collect data on patient’s 
demographics, baseline risk factors and characteristics, 
the type of CR received and outcomes derived from 
pre-CR and post-CR assessment. Along with patient level 
characteristics, the audit also collects service level factors 
such as the number of patients seen (volume), staffing 
hours and the extent of staff in their MDT.
Patients were included if they had an initiating event 
between 1 April 2012 and 31 March 2017. The initiating 
event was the diagnosis or treatment that deemed the 
patient eligible for CR. All patient groups, except heart 
failure, were included in the main analysis, such as myocar-
dial infarction (MI), percutaneous coronary interven-
tion (PCI) and coronary artery bypass.14 15Patients with 
a primary diagnosis of heart failure were not included as 
this group were only recently added to the NACR dataset 
and at present there is insufficient sample for inclusion. 
To be included, patients needed to have (1) a completed 
CR and (2) a recorded mode of delivery. To account for 
reporting bias, the population without a recorded mode 
of delivery were compared for baseline demographics 
such as age and gender.
Mode of delivery
The NACR records the routine delivery CR in the UK, 
which includes core rehabilitation consisting of exer-
cise sessions, education sessions and lifestyle advice as 
guided by the BACPR core components. The exercise 
sessions are supervised/facilitated by trained competent 
professionals to maximise patient benefit.3 The modes 
of delivery recorded in the NACR, includes both super-
vised and self-delivered levels.8 For this study, mode of 
delivery for each patient was coded from NACR variables, 
including group-based, home-based and web-based, into 
supervised (with staff present) and facilitated self-deliv-
ered (with contact but staff not required for the exercise 
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component). Patients recorded as receiving delivery 
classified as ‘other’ were excluded from the study due to 
the lack of descriptive information; this equalled 3% of 
patients, and these were assessed for differences in demo-
graphics to test the extent by which our final sample 
was representative. Other factors about the service were 
included as covariates.
outcome measures
The study, accounting for baseline assessment scores, 
explored predictors of post-CR outcomes for the ISWT 
and 6MWT expressed in metres walked.16–18 The study 
used patients’ final score which is collected on average 9 
weeks after the initial baseline assessment.8 The analysis 
also included the baseline walking score for all patients, 
to accurately account for their walking ability prior 
starting rehabilitation.
statistical analysis
The analyses were conducted in STATA 13.1. Baseline 
characteristics were compared across groups using χ2for 
categorical variables or t-test for continuous variables.19 
Regression models were built to investigate whether, 
accounting for covariates, the supervised and self-deliv-
ered methods for mode of delivery were associated with 
outcomes post-CR.
Relevant important covariates were included in the 
analysis, where they were evidenced in the literature or 
significant in preliminary analysis. Age (years), gender 
(male/female), number of comorbidities and employ-
ment status have been shown to influence the outcomes 
following a variety of different rehabilitation interven-
tions, including CR.20–22 Employment status was coded 
as employed/retired or unemployed, and this is because 
previous research found that employed and retired states 
have similar effects on outcomes.20 The duration of CR 
(length of CR) was also included in the analysis along with 
staffing profile, total staff hours, MDT and total centre 
volume after being evidenced in previous research.20 21 
The duration was calculated from the start to the end of 
core rehabilitation, which is advised by the BACPR to be 
at least 8 weeks.3 Due to heterogeneity in the comple-
tion of sessions, the study was unable to include sessions 
and thus intensity of the intervention as a covariate. 
The staffing information comes from an annual survey, 
performed routinely by the NACR to gain centre level 
information such as staff profile, hours and funding type. 
Because the mode of delivery was a patient-level variable, 
it was important to take into account the relative size and 
staffing profile of the centre where the patient received 
the CR.
Hierarchical linear regressions were used to account 
for different levels of patient and centre level data as 
part of the investigation of association between mode 
of delivery, as an independent variable, and physical 
fitness outcomes as the dependent variable. Statistical 
level for significance was p<0.05. Data model checking 
was performed to ensure that the models were a good fit 
through assumptions associated with the regressions.
Results
study population
The overall study population comprised 1 65 435 patients 
from the full dataset with an initiating event within the 
time period. The flow diagram in figure 1 shows the total 
population and those included in the regressions models. 
The diagnosis/treatment split was 78.9% conventional 
CR population (MI 12.6%, MI+PCI 31.6%, PCI 18.1% 
and coronary artery bypass grafting (CABG) 16.7%) and 
the remainder ‘Other’, such as angina.
The mode of delivery distribution, seen in table 1, 
was similar to that of the wider CR population and that 
seen in the annual statistics report, with 80.6% receiving 
supervised and 19.4% in the self-delivered group. The 
proportion of females was lower in the supervised mode, 
which was significant (p<0.001). The self-delivered 
group also contained older, more employed, previous 
partnered and patients with ‘other’ treatments than the 
conventional PCI and CABG. These differences were 
all significant. Additionally, the length of CR in the 
self-delivered group was on average 10 days longer with 
a total mean duration of 73 days. Each mode of delivery 
population were deemed similar and representative of 
routine care when compared for age, gender and other 
demographics.
The two-population’s physical baseline scores were also 
compared (table 2). The supervised group had, for both 
physical fitness measures, higher baseline scores by 30 m 
for 6MWT and 24 m for ISWT. The difference was also 
statistically significant (p<0.001).
Figure 1 Flow diagram of the population included in the 
study based on having their event within April 2012–March 
2017, having a recorded mode of delivery and completing 
cardiac rehabilitation. The population included in the analysis 
was compared with the full original population and were not 
significantly different.
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Table 3 shows the extent of change post-CR. At a first 
level of analysis, not accounting for covariates, the super-
vised group’s ISWT change was statistically significantly 
higher in comparison to the self-delivered group, with a 
mean difference of 12.9 (p<0.001). However, the change 
seen for the 6MWT was greater in the self-delivered group, 
this was a 7 m greater change in the self-delivered group 
(p=0.007). Overall, the differences between the modes 
were not of clinical significance and patients attending 
either mode had meaningful clinical difference changes 
post - CR for this population.
outcomes
The regression model (table 4) showed that there was 
no significant difference between the mode of delivery 
and the post-CR physical fitness outcomes for either 
measure (p>0.05). The inclusions of predictors such as 
age, gender, baseline physical fitness score and service 
quality were justified and were statistically significant. 
The models had an R2 of 69%–85% and met the assump-
tions of uniform variance and linearity. The final popu-
lation included in the regression model were compared 
with the wider study and routine care population and 
were deemed to be representative in terms of age, gender 
and other covariates. The full regression models for each 
outcome are included as online supplementary material 
which includes all covariates and the model descriptive.
dIsCussIon
This study set out to investigate whether patients 
attending supervised or self-delivered CR had different 
outcomes, in terms of physical fitness. The study’s main 
analysis found that there was no significant difference 
in patient’s physical fitness outcomes and the mode of 
delivery they received, either supervised or self-delivered. 
This is the first study of routine CR patients to investi-
gate physical fitness outcomes and the mode of delivery. 
Table 1 Patient characteristics across the two modes of delivery: supervised and self-delivered cardiac rehabilitation
Supervised Self-delivered Total
Pearson χ2 valueCount % Count % Count %
No of patients (%) 133 386 80.6 32 049 19.4 165 435
Gender
  Female 33 172 25.7 9474 30.7 42 646 26.6 321.4 (<0.001)
Body measurement 
  >30 BMI 27 906 30.9 5439 30.8 33 345 30.9 0.075 (0.784)
Employment status
  Employed 67 765 84 12 850 78 80 615 83 373.5 (<0.001)
Marital status
  Partner 73 412 78.4 15 743 75.3 89 155 77.8 110.9 (<0.001)
  Previous partner 12 377 13.2 3314 15.9 15 691 13.7
Cardiac treatment
  PCI 65 098 48.8 14 721 45.9 79 819 48.2 534.3 (<0.001)
  CABG 19 726 14.8 3750 11.7 23 476 14.2
  Other treatment 32 048 24.0 9465 29.5 41 513 25.1
Mean SD Mean SD Mean SD Mean difference
Mean age (years) 65 12 67 12 65 12 2.2 (<0.001)
Total no of comorbidities 1.70 1.69 1.56 1.72 1.67 1.70 0.14 (<0.001)
Core rehabilitation duration start to end 
including assessment (days)
69.70 43.21 89.53 59.33 73.25 47.13 19.8 (<0.001)
BMI, body mass index; CABG; coronary artery bypass grafting; PCI, percutaneous coronary intervention.
Table 2 Baseline patients’ physical outcome scores across the two modes of delivery: supervised and self-delivered
Supervised Self-delivered Total Mean 
difference (p 
values)Mean (SD) Count Mean (SD) Count Mean (SD) Count
Six minute walk test metres at 
assessment 1
332.8 (132.8) 12 708 302.9 (134) 1440 329.7 (133) 14 148 29.9 (<0.001)
Shuttle walk test metres at assessment 1 356.9 (176) 19 137 332.8 (201) 2644 354.0 (179) 21 781 24.1 (<0.001)
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This has been shown in trial populations to have similar 
relationship, Cochrane in a 2017 review found no asso-
ciation between home-based/group-based rehabilita-
tion for patients post-CR exercise capacity.5 Additionally, 
this conclusion builds on other research, investigating 
delivery mode and psychosocial health outcomes.12 The 
combination of routine CR evidence and trial evidence 
results in a strong case for patients to have a menu-based 
approach offering supervised and facilitated self-deliv-
ered rehabilitation options.
The overall study population consisting of 1 65 435 
patients and the regression population (n = 10 142), were 
representative of modern UK CR. The patient population 
in the analysis was checked against the population with 
no mode of delivery reported; the valid population were 
deemed as not significantly different in age, gender and 
baseline physical fitness measures. The age, gender and 
comorbidity demographics were similar to the national 
level data.8
This population had a high level of female participa-
tion. The total proportion of female was 26.6%, which 
is comparable with the overall NACR population (30%) 
and much higher than those recruited into the trials in 
the Cochrane 2017 review, where some studies had no 
female participants.5 Additionally, our study looked at 
mode defined as supervised and facilitated self-delivered. 
The self-delivered modes included not only home-based 
as per Cochrane but also structured and facilitated web 
and e manual based approach which is increasingly being 
provided as an option in routine practice.
The population taking up the self-delivered mode is 
older, includes more females and a greater proportion of 
other cardiology treatments. Across the world, there are 
well-evidenced barriers to CR entry in females and older 
patients.23–26 The current uptake for CR in the UK is 51%, 
which, although one of the top levels across the globe, falls 
short of targets such 65% set by NHS England. To meet 
these uptake targets and make CR more available to all 
eligible patients, greater utilisation of other modes, such 
as self-delivered should be considered. Having a menu-
based approach, with the offer of CR being inclusive of 
more than just group-based, is essential for maximising 
patient participation.11 This study indicates that two tradi-
tionally under-represented patient groups (females and 
older patients) attend self-delivered mode of delivery in 
greater proportions; wider adoption of this approach will 
reduce such inequalities and potentially increase uptake 
generally.
The change in physical fitness from baseline is for all 
modes, larger than the meaningful clinical difference.17 18 
This highlights that attending CR, through either mode, 
leads to a meaningful improvement in physical fitness for 
patients.
One possible reason for the lack of adoption for self-de-
livered rehabilitation is perhaps due to worry of safety 
surrounding non-supervised CR. This has been studied, 
and in 2014 a trial investigated the use of high-intensity 
interval training in CR patients.27 Although this was in 
a younger trial population, the results found that home-
based non-supervised group do comparably well. Addi-
tionally, the training in both settings was deemed safe.27
limitations
One limitation that the study experienced was that 
although exercise testing is essential for setting objec-
tives and assessing risk, the number of patients with 
pre-CR and post-CR physical fitness measurements was 
low. In 2016, NACR reported that less than one-third 
of patients had recorded physical fitness measurements 
either ISWT or 6MWT. This does limit the study results in 
that there may have been some reporting bias. However, 
the included population was verified against the wider 


















Six minute walk 
test metres 
change
64.3 (65.8) 19.3 7215 57.4 (57.9) 19 732 63.7 (65.2) 19.3 7947 -6.9 (0.007)
Shuttle walk test 
metres change
102.7 (117.4) 28.8 11 133 115.6 (139.1) 34.7 1486 104.2 (120.2) 29.4 12 619 12.9 (<0.001)
Table 4 Results from the hierarchical logistic regression analysis; association between mode of delivery and physical fitness 
outcomes post-CR
Coefficient Significance 95% CI Snijders/Bosker R2 Observations
Six minute walk test metres at assessment 2 −1.38 0.806 −12.383 to 0.778 0.846 3653
Shuttle walk test metres at assessment 2 0.31 0.957 −11.111 to 0.690 0.690 6175
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eligible population in terms of demographics and char-
acteristics, so the authors are confident in the regression 
model.
Another limitation with this study is that the study could 
not include intensity/dose of rehabilitation. The length 
of rehabilitation was included as a covariate as duration; 
however, the NACR currently has insufficient informa-
tion regarding the number of sessions to calculate the 
dose. Although session data have just commenced as part 
of NACR data collection and will be available for further 
studies in 2019.
This study excluded patients with heart failure due to 
their difference in expected walking ability to the wider 
CR population such as re-vascularised patients. This 
strengthens our study as it reduces heterogeneity of our 
study population and additionally justifies future work 
into this subpopulation.
FutuRe WoRk
This study’s results show that either mode is beneficial 
for physical fitness. A finding in the 2017 Cochrane 
review was that the adherence rate was greater in home-
based CR.5 This study did not compare adherence rates 
between supervised and self-delivered CR. Future work 
will investigate whether the evidence shown in trials, in 
terms of adherence, is also true in routine CR.
ConClusIon
This study finds, for the first time in a routine clinical 
population, that physical fitness post-CR improves to a 
clinically meaningful level independent of the mode of 
delivery. The population taking part in self-delivered CR 
is higher in proportion of female and older patients. With 
CR continuing to fail to appeal to many eligible patients, 
adopting a more menu-based approach which uses modes 
such as self-delivered is likely to reduce such inequalities 
in access to CR. The regression model which accounted 
for patient demographics and service level factors showed 
no difference, clinical or statistical between mode and 
post-CR outcomes. This is the first study to investigate the 
association between mode and physical fitness in routine 
patient populations. The results show that the popula-
tion receiving self-delivered benefit as much as super-
vised group supporting the equivalence of these modes 
of delivery.
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Does the mode of delivery in routine
cardiac rehabilitation have an association
with cardiovascular risk factor outcomes?
Alex S Harrison and Patrick Doherty
Abstract
Aims: Cardiac rehabilitation is one of the most cost-effective interventions for patients with cardiovascular disease.
Worldwide supervised group-based cardiac rehabilitation is the dominant mode of delivery followed by facilitated self-
managed (FSM), which is emerging as part of a cardiac rehabilitation menu. Modern research evidence, using trials and
well-resourced interventions, suggests FSM is comparable to supervised rehabilitation in its outcomes for patients;
however, this is yet to be established using routine clinical practice data.
Methods: Including 81,626 patients from routine clinical data in the National Audit of Cardiac Rehabilitation, this
observational study investigated whether mode of delivery, supervised or FSM, was associated with similar cardiac
rehabilitation outcomes. Hierarchical regression models included patient and service covariates such as age, gender,
cardiac rehabilitation duration and programme staff type.
Results: The results showed 85% of the population received supervised cardiac rehabilitation. The FSM group were
significantly older, female and predominantly in lower socioeconomic groups. The results showed that all patients on
average benefit from cardiac rehabilitation, independently of mode of delivery, across all risk factors. Additional benefit of
13% and 11.4% increased likelihood of achieving the target state for physical activity and body mass index respectively
when using FSM approaches.
Conclusion: This is the first study to investigate traditional cardiovascular risk factors with cardiac rehabilitation mode
of delivery using routine clinical data. Both modes of delivery were associated with comparable statistically significant
positive outcomes. Despite having equivalent outcomes, FSM cardiac rehabilitation continues to be underutilised, with
less than 20% of patients receiving this mode of delivery in the UK.
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Introduction
Cardiovascular diseases (CVDs) are the number one
cause of death globally,1 with an estimated 17.7 million
related mortalities in 2015. It is estimated that in
Europe more than 85 million people are living with
CVD.2 Cardiac rehabilitation is one of the most
widely recognised and well evidenced treatments for
CVD patients. Cardiac rehabilitation in the modern
era of cardiology remains effective.3,4 The evidence
for effectiveness of cardiac rehabilitation includes
reduction in re-admissions (risk ratio (RR) 0.82, 95%
confidence interval (CI) 0.70–0.96) and cardiovascular
mortality (RR 0.74, 95% CI 0.64–0.86) in trial popula-
tions and in observational studies a reduced overall
mortality (hazard ratio 0.62 95% CI 0.54–0.70).3,4
However, in updated reviews there has been a reduction
in the strength of effectiveness, suggesting in meta-ana-
lysis of randomised controlled trials that there may no
longer be an all-cause mortality effect.5 This may be
due to the ever improving routine care, or in the diver-
sity of cardiac rehabilitation delivered.
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Cardiac rehabilitation is a multifaceted lifestyle
intervention that aims to: influence favourably the
causes of CVD, provide the best possible physical,
mental and social conditions and result in the slowing
or reverse of the progression of disease.6 Cardiac
rehabilitation is included in National Institute for
Health and Care Excellence (NICE) guidelines for
treatment of myocardial infraction patients.7,8
Cardiac rehabilitation in the UK is widely adopted,
with 51% of eligible patients participating in 2017,
and is the most cost-effective intervention after
aspirin.9,10 In a recent cost-effectiveness systematic
review, cardiac rehabilitation in a variety of countries
and settings was seen to be significantly cost effective.11
Cardiac rehabilitation is best delivered by a multi-
disciplinary team in the form of a multi-component
intervention that aims to reduce burden of disease, pro-
mote healthy lifestyle, improve risk factor management
and facilitate optimal recovery.6,12 The mode of deliv-
ery for cardiac rehabilitation has long been thought to
be an influencing factor in terms of patient outcomes.
Cochrane in 2017 reviewed the trial evidence for home-
based versus centre-based cardiac rehabilitation modes
of delivery, which concluded that; for total mortality
(RR 1.19 95% CI 0.65–2.16), exercise capacity (stan-
dardised mean difference¼ –0.13, 95% CI –0.28 to
0.02) and health related quality of life (figure not esti-
mated) there was no difference between modes.13
Additionally, two studies using routine data
from the same clinical populations found no difference
in the psychosocial outcomes (Hospital Anxiety
and Depression Scale (HADS) and Dartmouth
Cooperative Questionnaire [COOP]) and walking fit-
ness (incremental shuttle walk test and 6minute walk
test) of patients attending supervised or self-managed
rehabilitation in the UK.14,15
Currently, cardiac rehabilitation in 2017 is predom-
inantly delivered in a supervised group-based mode and
only a small proportion as other modes, which are
often facilitated self-managed (FSM) modes.9 The
recent studies using the National Audit of Cardiac
Rehabilitation (NACR) data indicated that one-fifth
of the delivery is from FSM.14,15 Tradition has been
that supervised group-based has long been the assumed
best approach for influencing outcomes; however, there
is an emerging trend in recent years to offer modes such
as the FSM alternatives.14–16
The aims of cardiac rehabilitation in all modes are to
facilitate optimal recovery and reduce risk factors.
According to the World Heart Federation, four of the
highest associated risk factors for CVD are smoking,
being overweight or obese, high blood pressure or
hypertension, and physical inactivity.17
Smoking cessation is key to the British Association
of Cardiovascular Prevention and Rehabilitation
(BACPR) standards and core components are pro-
grammes to encourage smoking cessation supported
by skilled and competent staff.6 Based on the most
recent UK data 6.4% of patients entering cardiac
rehabilitation were smoking and one-fifth of this
group had successfully quit by post assessment, which
equated to over 300 patients.10
Patients who are physically inactive, defined by the
Chief Medical Officer guidelines of <150min of mod-
erate activity per week, make up 58.4% of patients
entering cardiac rehabilitation services.18 On average
28.1% of patients (4448) had moved into the higher
physically active group by the end of cardiac rehabili-
tation, which is a trend associated with reduced
mortality.9,19
High blood pressure, defined in the CVD population
as >140/90 (>130/80 for South Asians) is a major risk
factor for CVD.17 This study categorised the South
Asians as >130/80 as evidence suggests that there are
differences in risk associated with blood pressure and
this group.20 A reduction in systolic blood pressure by
5mmHg can reduce cardiovascular mortality by as
much as 20–40%. Through successful titration
of drugs from the cardiac rehabilitation staff and
increases in physical activity, 6% of previously high
blood pressure patients move into <140/90 by the
time they finish cardiac rehabilitation.9 In the recent
EUROSPIRE IV, it was found that 60% of hyper-
tensive patients were <140/90 after attending cardiac
rehabilitation.21
The final risk factor to be considered is obesity,
which is defined as body mass index (BMI) >30 (>25
for South Asian and Chinese populations). The differ-
ent categorisation for South Asians is due to NICE
guidance for increased risk in lower BMI score.22
Obesity is an indicator of poor health and is associated
with an increased likelihood of developing hyperten-
sion, diabetes and atherosclerosis.6–17 According to
recent statistics more than 400 million adults through-
out the world are obese and 30% of patients entering
cardiac rehabilitation have a BMI higher than 30.1,10
Evidence suggests that patients moving from obese and
overweight to normal BMI have a reduction in risk of
CVD and cancer.23
This study will incorporate all four major risk factors
for CVD and investigate, using known predictors of out-
come such as age, gender and deprivation score, whether
mode of delivery, defined as supervised or FSM, has an
association with patient outcome improvement.
Methods
This study was reported according to the Strengthening
the Reporting of Observational Studies in Epidemiology
guidelines.24
1926 European Journal of Preventive Cardiology 25(18)
Data
The source of data for the study was the National
Audit of Cardiac Rehabilitation.9 The audit monitors
and reports service quality, the patient profile and out-
comes in patients that complete CR. The NACR covers
cardiac rehabilitation programmes from the UK total-
ling over 200; with 74% coverage through online data
entry; however, including the index of multiple depriv-
ation (IMD), this study will look at cardiac rehabilita-
tion programmes in England only.9 The data collected
includes patient characteristics such as age, gender and
ethnicity along with services details such as staffing and
number of patients seen.
Patients from England with an initiating event
between 1 January 2012 and 30 April 2018 were eligible.
The initiating event was the diagnosis or treatment that
deemed the patient eligible for cardiac rehabilitation.
All patient groups, such as myocardial infarction, per-
cutaneous coronary intervention and coronary artery
bypass, were included in the main analysis.6,9 Patients
needed to have 1) completed cardiac rehabilitation and
2) a recorded mode of delivery. To account for report-
ing bias, the population without a recorded mode of
delivery was compared for baseline demographics
such as age and gender.
Mode of delivery
The modes of delivery recorded in the NACR include
both supervised and FSM levels.9 For this study, mode
of delivery for each patient was coded from NACR vari-
ables, including Group-Based into supervised (with staff
present) and Home-Based and Web-Based into FSM
delivery (contact with cardiac rehabilitation staff).
Patients recorded as receiving delivery classified as
‘other’ were excluded from the study due to lack of
descriptive information; this equalled 3% of patients,
and these were assessed for differences in demographics
to test the extent to which our final sample was repre-
sentative. If patients were recorded as receiving both
supervised and FSM they were excluded. This is
because the sample size to analyse this within the
NACR is very small: <1%.
The cardiac rehabilitation in our sample is delivered
according to the BACPR core components.6 The UK
guidelines according to which the cardiac rehabilitation
is delivered closely resemble the European guide-
lines.6,12 This is a multi-disciplinary team that delivers
a comprehensive rehabilitation focusing on risk factor
management and lifestyle change.
Outcome measures
The study’s outcomes included four key CVD risk fac-
tors (physical activity, smoking status, blood pressure
and obesity) in patients following a cardiac event or
undergoing a related cardiac procedure. The patients
were all assessed at baseline and followed up upon com-
pletion of the core stage of rehabilitation. The out-
comes were all categorised into binary variables, such
as self-reported achieving 150min of physical activity
per week, not smoking/smoking, having blood pressure
greater than 140/90 (130/80 for South Asian popula-
tions) and having a BMI of >30 (>25 for South
Asian and Chinese populations).
Statistical analysis
The analyses were conducted in SPSS 25. Baseline char-
acteristics were compared across groups using chi-
squared and odds ratios for categorical variables or
t-test for continuous variables.25 To account for miss-
ing variables, the data was manipulated using multiple
imputation within SPSS. The valid patients needed to
have a recorded age, gender, marital status, ethnicity
and recorded IMD score. Imputed values for missing
cases were in employment, comorbidities, baseline psy-
chosocial health scores, waiting times, duration and
staff at the programme. The imputation was run and
20 imputations were made as per guidance; the results
presented are the pooled model results.26
Logistic regression models were built to investigate
whether, in the fully imputed data, accounting for cov-
ariates, the supervised and FSM methods for mode of
delivery were associated with outcomes post cardiac
rehabilitation. Relevant important covariates were
included in the analysis where they were evidenced in
the literature or significant in preliminary analysis. Age
(years), gender (male/female), number of comorbidities
and employment status have been shown to influence
the outcomes following a variety of different rehabili-
tation interventions, including cardiac rehabilita-
tion.27–29 Employment status was coded as employed/
retired or unemployed; this is because previous research
found that employed and retired states have similar
effects on outcomes.27 The duration (length) of cardiac
rehabilitation was also included in the analysis along
with staffing profile, total staff hours and Multi-
Disciplinary Team (MDT) after being evidenced in pre-
vious research.27,28 The staffing information was
retrieved from an annual survey performed routinely
by the NACR to gain centre-level information such as
staff profile, hours and funding type. Because the mode
of delivery was a patient-level variable, it was import-
ant to take into account the relative size and staffing
profile of the centre where the patient received the car-
diac rehabilitation.
The study also utilised the patient’s IMD, based on
where they live, as a predictor of outcome post cardiac
rehabilitation. IMD score is a well evidenced
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socio-economic factor influencing access to health care
services and measures of patients’ experience.30 The
IMD used ranked patients based on where they live;
however, it is only available for England, and thus
patients from Wales and Northern Ireland were
excluded from the study population.30
Hierarchical logistic regressions were used to
account for different levels of patient- and centre-level
data as part of the investigation of association between
mode of delivery, as an independent variable, and rou-
tine cardiac rehabilitation outcomes as the dependent
variables. Statistical level for significance was p< 0.05.
Data model checking was performed to ensure that the
models were a good fit through assumptions associated
with the regressions.
Results
The study included 81,626 patients categorised as
85% supervised and 15% FSM mode of delivery.
Patient demographics and clinical status were, for
most variables, significantly different between modes
of delivery (Table 1). Patients in the FSM group
were older (by one year), had shorter wait times (by
17 days) with longer duration of cardiac rehabilitation
(by 17 days).
The FSM group had statistically higher proportions
of female, White, unemployed, single and lower socio-
demographic class (p< 0.05). Additionally, the FSM
group had fewer overall comorbidities (p< 0.001); how-
ever, FSM also had more patients with a comorbid
history of depression (p 0.032) and higher baseline
depression measured by the HADS (p< 0.001).
The proportion of patients with BMI< 30 (0.9%)
and blood pressure< 140/80 (1.7%) in FSM mode of
delivery was larger, but there was a lower proportion of
non-smokers (2.5%) and physical activity (3.6%)
(Table 2).
The average BMI change was 0.3%, with FSM being
0.5% greater (Table 2). The change in smoking status
was greater in the FSM group also (1.1%), although it
should be noted that the FSM group started with a
lower proportion of smokers at baseline. For patients
who successfully quit smoking, their weight increased
by, on average, 1.1 kg (6.34) from baseline to post
rehabilitation. When split by the mode of delivery,
there was a slightly larger increase in the FSM group
than supervised, of 0.22 kg; however, this did not reach
significance (p¼ 0.703) (supervised mean 1.09 kg, SD
6.47; FSM mean 1.31 kg, SD 5.35).
Post cardiac rehabilitation blood pressure was 1.6%
lower in the FSM group. The strongest association is
seen in the physical activity outcome. Both modes had a
large change in physical activity outcome: 25.7% and
30.8% in supervised and FSM respectively; however,
after accounting for the lower starting point of 3.6%
the difference in change for the FSM group is larger
than the supervised group: a 5.1% difference between
modes.
Figure 1 shows the flow chart for patients undergo-
ing multiple imputation. If patients had missing data
in non-mandatory variables, this was imputed. A total
of 63% of the included patients had at least one of
the non-mandatory variables missing. In the final
model all patients appeared in at least one regression
model due to having a pre and post assessment for
the outcomes.
The regression model’s independent variable, the
mode of delivery, and its odds ratio and p value are
presented for each outcome in Table 3. For two out-
comes, smoking and blood pressure, the significance
was larger than the threshold of 0.05; this means that
there is no significant association between the type of
delivery the patients received and the post cardiac
rehabilitation outcome.
For the physical activity and BMI measures the p
value was< 0.05 (p value 0.016 and< 0.001). This
means that the association between mode of delivery
and outcome post cardiac rehabilitation was statistic-
ally significant (p value< 0.001). The odds ratio indi-
cates that there is a 13.7% increased likelihood of
patients being physically active post cardiac rehabilita-
tion in the FSM group and 11.4% for BMI< 30 (<25
for South Asian and Chinese populations).
The other variables included in the analysis, such as
age, gender, IMD and MDT, were justified as many
were statistically significant in their association with
the four outcome measures. The model summaries
show that the Nagelkerke R2 was between 0.185 and
0.784, and the models accurately predicted between
67.5% and 97.1% of dependent variable.
Discussion
This study set out to investigate whether the mode of
delivery, in routine cardiac rehabilitation practice set-
tings, was associated with determining outcomes in four
CVD risk factors: smoking, BMI, blood pressure and
physical activity. Overall both modes of delivery were
associated with statistically significant positive out-
comes that were comparable.
The current literature on mode of delivery is a mix-
ture of trial evidence, a robust Cochrane review,13 and
recent observational studies using routine patient popu-
lations in the UK and Europe.14,15,31,32 The trials and
previous observational studies have concluded that for
psychosocial health, walking fitness, quality of life and
total mortality there are no differences in association
with the mode of delivery for cardiac rehabilita-
tion.13–15,31,32 A recent study conducted using Danish
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Table 1. Patient demographics and clinical status by mode of delivery.
Mode of delivery
Supervised Facilitated self-managed
Mean difference p valueMean SD Mean SD
Age (years) 65 11.06 66 11.67 1.309 <0.001
Duration (days) 68 37.83 83 49.38 14.88 <0.001
Wait time to start (days) 50.27 40.82 34.09 37.57 16.18 <0.001
Count % Count % Chi2 score p value
Gender
Male 52,533 75.6 8768 72.2 64.143 <0.001
Female 16,949 24.4 3376 27.8
Ethnicity
White 58,728 84.5 10,478 86.3 24.784 <0.001
Non-White 10,754 15.5 1666 13.7
Employment status
Employed 49,078 85.9 7936 79.1 314.799 <0.001
Unemployed 8038 14.1 2103 20.9
Marital status
Single 14,828 21.3 2701 22.2 4.973 0.026
Partnered 54,654 78.7 9443 77.8
Comorbidity anxiety
Not anxious 67,336 96.9 11,799 97.2 2.143 0.143
Anxious 2146 3.1 345 2.8
Comorbidity depression
Not depressed 51,422 93.7 7807 92.5 4.595 0.032
Depression 3468 6.3 630 7.5
Comorbidities total
No comorbidities 17,599 25.3 3876 31.9 260.972 <0.001
1–3 comorbidities 42,541 61.2 6989 57.6
>3 comorbidities 9342 13.4 1279 10.5
Pre-CR HADS-Anxiety
Low anxiety (8) 48,312 88 7404 87.8 0.314 0.575
Mod.–high anxiety (>8) 6594 12 1031 12.2
Pre-CR HADS-Depression
Low depression (8) 67,432 97 11,742 96.7 15.952 <0.001
Mod.–high depression (>8) 2050 3 402 3.3
Treatment
None 6559 9.4 1698 14 342.26 <0.001
PCI 34,840 50.1 5770 47.5
CABG 11,858 17.1 1591 13.1
Other treatment 16,225 23.4 3085 25.4
IMD
Lowest quintile 7843 11.3 1170 14.6 237.059 <0.001
Second quintile 10,772 15.5 1978 16.3
Third quintile 13,383 19.3 2653 21.8
Fourth quintile 16,863 24.3 2756 22.7
Fifth quintile 20,621 29.7 2987 24.6
SD: standard deviation; CR: cardiac rehabilitation; HADS: Hospital Anxiety Depression Scale; Mod.: moderate; PCI: percutaneous coronary interven-
tion; CABG: coronary artery bypass graft; IMD: index of multiple deprivation.
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cardiac rehabilitation, comparing centre-based rehabili-
tation with home-based using tele-monitoring, found
no differences in outcome, physical fitness, activity
level and quality of life, after a year, and, moreover,
identified that home-based is more cost effective.32
The results of this study are similar for smoking and
blood pressure, which, after accounting for the patients’
baseline score and relevant covariate measures, showed
both modes had positive and comparable effects. The
change is similar to that of the wider population in the
2017 NACR report, which identifies that the study
population is representative of the wider cardiac
rehabilitation population in the NACR and Wales
and Northern Ireland.
The study, using a large clinical population recruited
to cardiac rehabilitation from within routine practice,
adds to the literature by showing that regardless of
mode improvements are made in all outcomes, which
further justifies the continued use of cardiac rehabilita-
tion as an intervention for tackling CVD risk factors
for all eligible patients. There was less change in
patients from the FSM group for the blood pressure
measure; however, in the baseline score these patients
also started 2% higher in the target group. The changes
experienced for the smoking and BMI outcomes were
small; however, this is representative of routine
change.9 Additionally, there is an evidenced association
between smoking cessation and weight gain; the inter-
action between outcomes will be addressed in future
analysis.33,34
There was a greater likelihood of achieving physical
activity status and target state for BMI in the FSM
cardiac rehabilitation mode. This outcome was found
to be significantly more likely in patients receiving FSM
compared with supervised cardiac rehabilitation. The
strength of this association was a greater likelihood of
Table 2. Baseline measures and percentage change in cardiovascular disease risk factors.
Supervised Facilitated self-managed Total
count % count % count %
Baseline pre CR
BMI <30a 36,411 67.8 6271 70.5 42,682 68.2
Not smoking 38,471 92.7 7063 90.2 45,534 92.3
Blood pressure <140/90 mmHgb 36,654 66.4 6152 68.1 21,392 33.3
Physical activity >150 min 20,595 36.3 2931 32.7 23,526 35.8
Change post CR
BMI <30a 138 0.3 68 0.8 206 0.3
Not smoking 580 1.4 159 2.0 739 1.5
Blood pressure <140/90 mmHgb 1164 2.1 49 0.5 1213 1.9
Physical activity >150 min 14,588 25.7 2763 30.8 17,351 26.4
BMI: body mass index; CR: cardiac rehabilitation.
aBMI <25 for South Asian and Chinese populations.
bBlood pressure <130/80 for South Asians.
Number of patients with core variables completed and their
initiating event was within time frame –81,626 patients
Number of patients included, with imputed fields, into at 
least one regression model for the four outcomes–81,626 
patients
Number of patients who have at least one 
imputed field–51,915 patients
Figure 1. The study population, the missing cases within that
population and the final population who were included in one of
the four regression analyses.
Table 3. Results from the hierarchical logistic regression ana-
lysis; association between mode of delivery.
Effect of facilitated self-managed in comparison with supervised
Odds
ratio Significance 95% CI Observations
BMI >30a 0.886 0.016 0.802 0.977 62,605
Physical activity
>150 min
1.137 <0.001 1.081 1.197 65,693
Not smoking 1.026 0.745 0.877 1.202 49,331
Blood pressure
<140/90 b
0.982 0.492 0.931 1.035 64,198
CI: confidence interval; BMI: body mass index.
aBMI >30, or >25 for South Asian and Chinese populations.
bBlood pressure <140/90, or <130/80 for South Asians.
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13.7% of achieving the 150min post cardiac rehabilita-
tion and 11.4% for BMI in self-delivered mode than
supervised (p value <0.001 and 0.016).
Within our study population, we found that for all
four outcome measures, patients improved between pre
and post cardiac rehabilitation measures in both modes;
these changes were equivalent to the wider UK cardiac
rehabilitation population.9 This is similar to previous
studies, indicating that patients improve regardless of
the mode.14,15 The most significant change was in phys-
ical activity, where the self-delivered group had a 3.1%
greater proportional change post cardiac rehabilitation
than the supervised group, which meant they had more
patients active in the follow-up assessment.
The change in patients within the BMI target state
was small for both groups (0.3–0.8%); however, the
interesting result is that the supervised group started
with a 2.7% lower proportion in the target state, thus
a higher proportion of patients were obese at baseline.
And at the post cardiac rehabilitation outcome stage
the change was 0.5% larger in the FSM group. This
signifies that even though the FSM had less change to
make, a greater proportion did so when receiving this
mode of delivery. Independent of mode of delivery, the
extent of change in smoking was also significant, with
more than 700 patients overall quitting smoking.
The proportion of patients in the FSM group is similar
to recent observational studies and routine patients in
that around 15% of the population receive this mode of
delivery.9,14 This highlights a lack of choice in the offer of
cardiac rehabilitation, especially when the FSM mode is
taken up more by females, older patients, those with
single status and patients from lower socioeconomic
areas. These sub-groups of CVD patients have been
shown in routine care to not take up conventional
group based cardiac rehabilitation with a mixture of
patient and service factors that are inhibiting engagement
and uptake to the offer of CR.35 The BACPR core com-
ponents state that CR should be delivered according to
patients’ needs; if some eligible patients’ needs are met
more by the FSM mode, then cardiac rehabilitation pro-
grammes need to include FSM as part of their offer.6
Limitations
The main limitation of this study is the lack of complete
data entry. This study used multiple imputation to
account for the large levels of missing data; however,
the high number of cases having one or more missing
fields in demographics or service levels variables is still
an issue. The sample population used in the analysis
was comparable to the original complete sample, with
similar means in duration and waiting times (original
duration 61 days, pooled 62 days; original waiting time
38 days, pooled 39). The categorical variables had
similar proportions within groupings such as employ-
ment and MDT status (original employed 15.1%,
pooled 15.2%; original MDT 83.9%, pooled 86.3%).
Increasing the data within the audit will improve the
conclusions that can be made on what works in cardiac
rehabilitation routine practice.
Another limitation is that the number of patients
having a recorded mode of delivery and, moreover,
receiving FSM rehabilitation is still very low and varied
in terms of wait times and duration. Although our ana-
lysis took account of wait time and duration we were
unable to take account of dose of cardiac rehabilitation,
which is known to be a determinant of outcome following
cardiac rehabilitation and adherence to medications.31
This would have been calculated from the length of car-
diac rehabilitation and number of sessions a patient
received. However, the current recording of sessions in
the NACR dataset reflects huge clinical variability and
thus could not be included in the analysis. The BACPR
and NACR have recently redefined sessions leading to
the possibility of including sessions in future analysis.
Conclusion
This is the first observational study, using routine clin-
ical data, to investigate whether outcomes from the
four major CVD risk factor outcomes are associated
with the mode of delivery of cardiac rehabilitation.
The results show that patients benefit from cardiac
rehabilitation through either mode of delivery. For
physical activity and BMI, however, patients who
received facilitated self-delivery were statistically
shown to have a greater likelihood of achieving the
target of 150min per week and BMI< 30. The patients
taking up the FSM option were on average older, more
were female, with fewer comorbidities and a greater
proportion in lower socioeconomic classes, all of
which makes the FSM mode of delivery a valuable add-
ition to the cardiac rehabilitation menu.
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